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INFLUENCE OF AERATION ON THE DIASTATIC 
ACTIVITY OF BARLEY DURING STEEPING. 


By R. H. RAMACHANDRA RAU, M.Sc. 
AND 
V. SUBRAHMANYAN, D.Sc., F.I.C. 
Department of Biochemistry, Indian Institute of Science, Bangalore. 


Received May 28, 1934, 


ALTHOUGH the process of steeping has long been a recognised item in malting 
practice, the precise nature of its influence on the germination of seed and 
the quality of malt has not yet been fully understood. Thus, it is not known 
whether the seed respires during that period ; or whether the available supply 
of air has any bearing on the development of the various ferments associated 
with germination. Since steeping marks the transition period between the 
resting and the active conditions, it need hardly be pointed out that the study 
of the associated changes would be of considerable importance in the under- 
standing of certain hitherto obscure aspects of plant life in general. 

The effect of steeping on subsequent germination has been studied by many 
previous workers. Morinaga (1926) concluded that small seeds germinated 
better when soaked in water than otherwise. Chippindale (1931, 1934) 
observed that the germination of Dactylis glomerata (Cocksfoot) was consider- 
ably accelerated if the seeds had at any previous time been soaked in water 
and subsequently dried. On the other hand, Rudolfs (1925) found that 
soaking in distilled water was harmful to the germination of all seeds, corn 
being the least affected. Kidd and West (1918-19) concluded that soaking 
peas and beans in large excess of water is harmful. Siddappa (private com- 
munication) noted that even overnight steeping had an adverse effect on the 
germination of barley and the development of seedlings raised therefrom. 

Baker and Hulton (1923) and Loibl (1923) observed marked increase 
in the diastatic power of barley during steeping. Ling (1908), Siau and Hod- 
son (1909) and Bleisch and Will (1909) observed no perceptible effect, while 
Ford and Guthrie (1908) reported distinct decrease in diastatic activity which 
they attributed to partial inactivation following the removal of salts. The 
present authors observed that steeping in water or electrolyte for 24 hours 
prior to electrical treatment (Venkata Giri and Subrahmanyan, 1931) had 
a distinct depressive effect on the saccharogenic activity of barley amylase. 
In view of the conflicting nature of the literature on the question and 
the consistently depressant effects observed during steeping, it was 
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decided to further investigate the problem with particular reference to the 
development of diastatic activity under different conditions of steeping. 

Although plant amylases (especially those from barley and malt) 
do not respond to salt activation to such a degree as similar enzymes of 
animal origin (Bierry and Giaja, 1906; Bierry, 1912); it was still considered 
possible that the loss of such activators during steeping may have a bearing 
on the lowered diastatic activity. About one-tenth of the mineral substance 
of barley is lost during steeping (Sykes and Ling, 1907) and in view of the 
suggestion of Ford and Guthrie (loc. cit.), it may be of interest to determine 
the effect of those minerals as also the minute quantities of organic matter 
(0-6-1-5 per cent.) thus leached out, on the activity of barley amylase. 

Raker and Dick (1905) as also Bleisch and Will (loc. cit.) showed that 
sprouting or chitting of the grain is hastened if barley is erated during 
steeping. Pollak (1904) observed that intermittent eration of the steep 
has a beneficial effect on the liquefying and saccharifying action of green 
malt during drying and couching. These observations do not, however, show 
how the favourable effects are produced—whether eration facilitates the 
respiration of the steeped seed or merely assists in removing certain volatile, 
toxic products ; whether the development of the enzyme is directly associated 
with eration or is at least partially independent of it. 

It has been suggested by some previous workers (Griiss, 1912; 
Detmer, 1883; Baranetzky, 1878; Mulder, 1858) that oxygen plays a 
direct part in the metabolic processes leading to the activation of diastase 
in germinating seeds. Indeed, Lintner (1890) and later, Liiers (1920) 
attribute the origin of the enzyme to oxidation of proteins. Since many 
of the earlier studies were conducted without adequate control of acidity, 
it is difficult to assess the precise significance of those findings (Waldschmidt- 
Leitz, 1929). Bach and Oparin (1923, 1924) observed that increase of the 
partial pressure of oxygen had no stimulating effect on the enzymes of 
germinating wheat ; oxidase was in fact weakened as a result of the treatment. 
These observations would appear to contradict the earlier theories regarding 
the réle of oxygen. On the other hand, the amylase activity of dead cells 
was found to be greatly stimulated by oxygen—a phenomenon which, in 
the light of the previous observation, is difficult to explain. In view of these 
apparently discordant findings, a systematic study of the effect of air on 
the development of diastatic power under different conditions of steeping 
was undertaken. The effects of different treatments on germination were 

also followed. E 
. xperimental. 


Depression of Diastatic Activity during Steeping—Samples (50 g.) 
of malting barley from Cawnpore were steeped in water (100 c.c.) for 24 
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hours in loosely stoppered conical flasks. At the end of that period, the 
grains in one set were transferred to solution of sodium nitrate (0-1 per cent.) 
in which they were steeped for a further period of 2 hours. The super- 
natants in both the sets were then drained off and the grains washed free 
from adhering electrolyte (as shown by the absence of the phenol-disul- 
phonic acid reaction in the leachate). The two sets of specimens were then 
freed from adhering moisture by filter paper and finally dried at 30° for 
24 hours. As a control, unsoaked barley was also dried under similar condi- 
tions. The three sets of specimens were powdered separately, passed through 
40 mesh and their diastatic activities determined according to Ling’s 
volumetric method as modified by Hind, Threadgold and Arnold (1926). The 
results were as follows :—Untreated, 43-3; steeped in water, 31-8; steeped 
in nitrate solution, 29-8. 


The kinetics of the hydrolysis of starch by enzyme extracts from 
different sets of specimens was also followed. To mixtures of 40c.c. of 2 
per cent. soluble starch, 10 c.c. of Walpole’s acetate buffer (pH 4-6) and 
25 c.c. of distilled water, 10 c.c. lots of the enzyme extracts were added and 
the mixtures maintained in a thermostat at 30°. Aliquots (10 c.c.) of the 
reaction mixture were taken out at stated intervals, dropped into alkali to 
stop the enzyme action and the sugar formed estimated according to 
Bertrand (1910). The following are the velocity constants (K) calculated 
according to the formula for a monomolecular reaction :—Untreated, 0-02440; 
steeped in water, 0-01660; steeped in nitrate solution, 0-01542. 

From the above figures it is evident that soaking barley in water or 
electrolyte has a depressant action on diastatic activity. 


Attempted activation of steeped barley by the mineral matter dissolved 
out in the steepb.—After steeping the seed (50 g.) in water for 24 hours, the 
supernatant liquid was transferred to a tared silica dish and evaporated 
to dryness. The steeped seeds were then dried and powdered as before. 
The diastatic activity of the preparation was again determined after addition 
of the appropriate aliquot of the solution of the salts washed out (10c.c. 
for every 5g. of powder). The value thus obtained was 32-2 which is about 
the same as that of the specimen steeped in water. It was concluded there- 
fore that leaching out of mineral matter was not responsible for the lowered 
diastatic activity. 

Effect of eration of the steep on diastatic activity of barley.—Further 
specimens of barley were steeped in 100 c.c. lots of water in a diffuser. 
Compressed air was bubbled through for all the 24 hours for which the 
steeping was continued. The drying, extraction and determination of 
diastatic power were carried out as before, The activity of the preparation 
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was 40-8, which, allowing for the slight inactivation consequent on prolonged 
drying, is about the same as that of the untreated control. The observations 
would thus show that the lowered activity resulting from steeping was due 
to either inadequate eration or the presence of certain volatile substances 
which paralysed enzyme activity. 


Influence of air on the evolution of diastatic activity in barley.—The 
seeds were steeped under conditions corresponding to (a) complete absence 
of air, (b) continuous supply of air in dissolved form and (c) continuous 
eration and the related changes in diastatic power followed at intervals. 

It is well known that, when in the wet condition, enzymes are suscepti- 
ble to inactivation by heat. Previous observations having also suggested 
that prolonged drying of the steeped seeds prior to extraction leads to partial 
inactivation of the enzyme, it was decided to carry out subsequent studies 
on the wet material itself. On adoption of this procedure, determination 
of enzyme activity on the basis of the weight of the seeds became impossible 
since different seeds absorb and retain water to different extents. So the 
activity was determined on the basis of the number of seeds. This method 
had the additional advantage that the percentage germination could also be 
followed at the sametime. ‘The success of the method obviously depends on an 
adequate grading of the seeds, the range of whose individual weights ought to 
be narrow enough so that the weights of large aggregates (say 100 seeds) would 
not differ so much as to show a significant difference in enzymic activity 


Frequency of distribution—> 


23-25 20-31 35-37 41-43 47-49 53-55 69-61 65-67 71-73 
Range of weight in milligrammes per seed—> 
Fia. 1. Frequency Distribution of seed weights. 
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between parallel samples. With this object in view the frequency distribu- 
tion of the weight was determined for a large number of seeds. From the 
curve thus obtained (Fig. 1) it was observed that the maximum number 
of seeds were found to be distributed between 44-52 mg. per seed. It was 
decided, therefore, to choose seeds coming within this range. For each 
experiment, 100 seeds were employed. ‘The variation in activity of a series 
of 100 seed lots of the graded specimens was next determined. It 
was found to be a little high and hence the range of weight per seed 
was further narrowed. Seeds weighing between 47 and 52 mg. were then 
chosen. This proved to be satisfactory as may be seen from the results 
given in Table I. This range was therefore adopted. 


TABLE I. 


Lot Number | 1 | 2 | 3 | 4 


Maltose formed in terms of c,c, 0-8132 N/10 
thiosulphate 


Conditions of steeping.—-The seeds were soaked in (1) absence of air, 
(2) flowing water and (3) water through which air was diffused. 

In absence of air.—The graded seeds (100) were placed in a 100 c.c, 
conical flask which was then completely filled with water which had been 
first boiled vigorously to expel as much air as possible followed by bubbling 
of carbon dioxide, reboiling to drive off the gas and finally cooling out of 
contact with air. The diastatic powers of the steeped seeds were determined 
at daily intervals. 


In flowing water—A second batch of 100 seeds was placed in a flask 
through which a gentle stream of water was kept continuously flowing. The 
steeped specimens were examined as before. 

In a diffuser.—The seeds were placed in a small cylinder made of wire- 
gauze closed at one end. The open end was fitted with a cork. The whole 
was placed under water in a diffuser and compressed air passed through it 
for varying periods of time. 

Extraction of enzyme.—The conditions of crushing and extraction of 
the wet seeds had to be carefully standardised, as, otherwise, widely 
divergent results were obtained for parallel specimens. The following was 
the procedure finally adopted :—At the end of the period of soaking, the 
seeds were pressed between folds of filter paper to remove adhering water. 
They were then crushed about ten at a time in a porcelain mortar. The 
whole operation was confined to exactly half an hour. The crushed seeds 


| 2-50 | 2-60 | 2-45 | 2-55 er. 
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were transferred to a 100 c.c. measuring flask with a little water and the 
residual contents of the mortar finally washed well with distilled water. The 
volume of the suspension was made up to 100 c.c. and the flask kept at 30° 
in a thermostat for 3 hours with occasional shaking. The contents of the 
flask were then centrifuged, the almost clear supernatant filtered through 
dry filter paper. The first 20 c.c. of the filtrate was rejected after which 
the rest of the filtrate was preserved with a little toluene and wee for 
determining diastatic activity. 

Estimation of diastatic activity—In every case, the kinetics of hydro- 
lysis of starch was followed for one hour. ‘The reaction mixture (150 c.c.) 
consisting of 2 per cent. soluble starch and Walpole’s acetate buffer (pH 4-6) 
was maintained at 30° in a thermostat. To the mixture, 10 c.c. of 
the enzyme extract was added. Suitable aliquots of the mixture 
were removed at stated intervals, dropped into decinormal alkali to 
stop the enzyme action and the sugar contents estimated iodimetrically 
according to the method of Willstatter and Schudel (1918). From the 
numbers for the milligrammes of maltose formed, the mono-molecular 
constant K was calculated for the first 15 minutes of reaction since it is known 
that the hydrolysis of starch by barley diastase proceeds as a mono- 
molecular reaction only upto the stage when about 40 per cent. of the theo- 
retical quantity of maltose is produced ; in every case, that stage was attained 
in about 15 minutes. The results have been presented in Table IT. 


TABLE II. 
K x 104 
sehen First | Second | Third | Fourth 
day day | day day 

Steeping in absence of air es os 90-9 123-0 154-1 160-6 
a in flowing water oe Sis 103-4 132-1 168-0 180-9 
», in the diffuser oe de 110-6 158-1 194-1 205-2 

Fresh unsteeped barley be Pe 108-5 


Germination.—It was observed that the seeds steeped in the absence 
of air failed entirely to germinate. In the case of those soaked in flowing 
water and in the diffuser, germination commenced after about 36 hours; 
it was 100 per cent. in both those cases. 

Discussion of Results. 

The initial effect of steeping on diastatic power is one of de- 
pression, the effect being most marked in the case of seeds soaked 
in the absence of air (Fig. 2). The erated seeds are not adversely affected 
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though even in that case an initial “‘lag-phase”’ is definitely noticeable. The 
velocity constants for the later stages would show that the development 


Log. K x10*—> 


0 1 2 3 ‘4 
Time of steeping in days—> 


Fie. 2. Development of diastatic activity under different conditions of steeping. 
e—o Steeped in diffuser. @—o Steeped in flowing water. 
@—e Steeped in absence of air. 


of diastatic activity in steeped barley is not dependent on germination ; 
nor is the presence of air essential. These observations are supported by 
those of Bach and Oparin (loc. cit.) who noticed increase in the diastatic power of 
germinated wheat meal even in an atmosphere of nitrogen. The penetration 
of water into the resting seed would appear to have led to certain internal 
changes resulting in increased diastatic power. It is possible that the 
proteases already present in the seed acted on the protein complex releasing 


- increasing quantities of the strongly adsorbed diastase (Waldschmidt-Leitz, 


1931). This explanation would suffice to show why increased diastatic power is 
observed even in the absence of air. It does not, however, explain the 
distinctly greater diastatic activity observed in the other two cases, 
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The flowing stream of water as well as the diffusion of air help to supply 
fresh quantities of oxygen to the steep. The former brings in dissolved 
oxygen which, though useful, is obviously not so helpful as the latter which 
provides liberal amounts of gaseous oxygen. The related observations would 
show that though not absolutely essential, the supply of oxygen is definitely 
beneficial to the development of diastatic power in the steeped seed. 


It is well known that seeds are capable of internal respiration even in 
the absence of oxygen. This respiration would appear to be independent 
of the ability of the seed, as a whole, to germinate and to be stopped only 
by the complete dismemberment of individual cells or the presence of certain 
poisonous substances. Assuming that the function of diastase is a part 
of the respiratory mechanism of the seed, it should be possible to explain 
not only the foregoing observations but also those of some of the previous 
workers. On steeping in water, the respiratory activity of the seed is 
stimulated. If the air supply is adequate, the respiration proceeds by direct 
oxidation of the soluble carbohydrates made available by diastatic activity. 
If the air supply is cut off, the seed does not germinate but the life activities 
continue for a time though not so efficiently as in the presence of abundant 
supply of air. Instead of direct oxidation, the cells resort to internal decom- 
position of the soluble carbohydrate matter as observed in the case of yeasts 
during alcoholic fermentation. Even crushed seed or seed powder is cipable 
of internal respiration because the individual cells are not killed out by the 
treatment. It is only when the cells are dismembered or the enzymes 
separated out by extraction that the diastatic power may be expected to 
remain stationary. It may then decrease owing to ageing and other condi- 
tions but not increase of its own accord as observed in all the cases in the 
present study. This theory though helpful in indicating the nature of the 
relation between air supply, germination and diastatic power is not fully 
supported by facts. Further evidence regarding the nature and extent of 
respiration under different conditions and its bearing on diastatic power is 
still wanting. The study of these and related aspects of the problem is in 
progress and will form the subject of a later communication. 


Summary. 


1. The immediate effect of steeping barley is one of depression of 
diastatic activity. This is due to inadequate supply of air in the steep and 
not to removal of any soluble diastase activator as has been suggested by 
some previous workers. 


2. With extended steeping, the diastatic power of the seed shows 
definite increase, the effect being observed even in the absence of air, 
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3. Development of diastatic power in the steeped seed is independent 


of its capacity to germinate. 
dependent on it. 
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IN his paper on the Cretaceous rocks of the Trichinopoly District! Blanford 
has stratigraphically classified them into three stages. Starting from the 
oldest, these are (a) the Utatur, (b) the Trichinopoly, and (c) the Ariyalur. 
He has further sub-divided the Ariyalur stage into the lower, the middle, 
and the upper, of which the rocks of the lower and upper sub-divisions are 
highly fossiliferous while the middle division is practically unfossiliferous. 
In describing the highly fossiliferous rocks of the upper Ariyalur division 
found near Sendurai, Niniyur, Yellakudumbur, etc., Blanford has drawn 
attention to the occurrence of two bands of flints and cherts associated 
with the limestones of this area. In a paper to be shortly published else- 
where, reasons have been given to show that the so-called upper Ariyalur 
beds of Blanford must be dissociated from the rest of the Ariyalurs and 
constituted into an independent stratigraphical unit called the Niniyur stage ; 
and the two bands of flints and cherts mentioned by Blanford, whose study 
forms the subject of this paper, have been accordingly considered by us as 
belonging to this stage. One of these bands occurs about a mile south-east 
of the village of Sendurai and the other near Nattagooly, about 5 miles 
further north. As regards the nature of these flints and cherts, all that 
Blanford has said is that they resemble “‘in the mineral character and the 
nature of the enclosed organisms the chalk flints of Europe,’’ and this 
obviously is not saying much. A detailed examination of this material 
is now made by us and the more important observations are embodied in 
this paper. 
Nattagooly Area. 


Loc.—About 14 miles north-east of the village of Nattagooly and due 
south of the village of Mathur. The band is 30-40 feet wide and is seen 
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for about half a furlong on the bed and sides of a small north and south 
nulla. 


Mega.—The most striking feature of these flints is that they are highly 
shattered and readily break up into small splintery fragments. Even from 
their general appearance the flints of this area could be div’4 into two types 
—(i) the grey homogeneous chalcedonic type forming the iuain mass of the 
band with (ii) a dull, white, light, opal-like material at the top. Often in 
one and the same specimen we can see the gray chalcedonic material below 
gradually passing into the opal-like material above. On close examination 
both the types are seen to be fossiliferous—polyzoa, corals, and lamelli- 
branchs being the common fossils. The corals are particularly abundant 
in the chalcedonic material where their calyces are very clearly seen, espe- 
cially on weathered surfaces. The common form is Stylina. The lamelli- 
branchs are commonly seen only in the opal-like material and are mostly 
in the form of impressions which are too fragmentary to be definitely 
identified ; but judging generally from their shape, size and ornamentation, 
these appear to be mostly of genera like Cardita, Cardium, Corbis, etc. 


Micro.—When sections of these flints are examined under the microscope, 
we find that the two types described above show dissimilar appearance. 
Sections of the opal-like masses are seen to be composed mostly of opaque 
material except in places where we get the organic structures when we see 
distinct grains of quartz. In the case of the brown chalcedonic material, 
on the other hand, the entire section is made up.of a homogeneous crypto- 
crystalline mass of silica, and in places where the organic structures are found, 
the grains become much bigger and are distinctly recognisable as quartz. 
Sections of both the types reveal a large number of foraminifers, chiefly 
of the family Miliolide—the common forms being Biloculina, Triloculina, 


and Quinqueloculina. 
Sendurait Area. 


Loc.—The flints of this area are well seen about a mile south-east of 
Sendurai especially along the cart track leading from Sendurai to Nallambal. 
This band is much longer than the one near Nattagooly and huge boulders 
of the flint are very commonly seen all over this locality. In some nulla 
sections we can see these flints overlying the unfossiliferous sandy clays of 
the middle Ariyalur division of Blanford. 


Mega.—In general appearance these flints resemble the waxy brown 
chalcedonic type of the Nattagooly area. But these are more massive and 
often contain drusy cavities lined by tiny but beautiful crystals of quartz. 
Fragments of these flints are translucent at the edges and possess a 
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sub-conchoidal fracture. About ? mile south-east of Sendurai where we get 
the first in situ exposures of these flints, a striking feature is their “ pebbly” 
character. The “pebbles” are as a rule well defined and rounded. They 
are usually white, while the general mass of the rock is reddish brown and 
thus the entire rock gets a characteristic mottled appearance. Proceeding 
further south-east, we find that the pebbly character gradually disappears 
and the rock becomes more and more homogeneous and compact. The 
upper portions of the band are highly weathered, giving rise to a porous type 
of flint in whose pores and cracks abundant earthy ferruginous material 
is found, due to infiltration from the Cuddalore sandstone. It may 
be pointed out here that though the general mass of the rock is all siliceous, 
a few of the flints and cherts still show internally traces of the original 
calcareous material which can be easily detected with a drop of acid. 


Micro.—When examined under the microscope these flints are seen 
to be closely similar to the waxy brown chalcedonic variety described above 
from the Nattagooly area, 7.e., they are seen to be composed of uniformly 
homogeneous cryptocrystalline silica, except in places where we get the 
organic structures when we can recognise distinct grains of quartz. In 
several of the sections the drusy cavities appear and these are seen to be 
lined by concentric bands of radial-fibrous silica which under crossed nicols 
show exceedingly fine spherulitic and axiolitic structures. The central 
portion of the cavity, however, is filled up by a distinct mosaic of quartz 
grains. The “‘pebbly” nature of some of the flints noticed above is even 
more distinctly seen in sections than in hand specimens. Embedded in a 
matrix which is essentially similar to the general mass of the rock, we see a 
number of distinct and rounded pebbles, in the interstitial spaces of which 
we often see infillings of quartz in the form of mosaics, very fine grained in 
the margin and coarse in the middle. The chief organisms noticed under 
the microscope are corals and milioline foraminifers. The latter are similar 
to those in the Nattagooly flints but are not so abundant. 


From the paleontological point of view the most remarkable feature 
of these flints and cherts from both the Sendurai and Nattagooly areas, is 
the presence of abundant alge commonly noticed in all the sections. The 
white opal-like material of Nattagooly, for instance, is full of algal remains ; 
most of the “‘pebbles” in the pebbly varieties noticed near Sendurai are 
nothing but rounded patches of alge (Fig. 1), and the homogeneous 
massive varieties of the flints also show broad patches of alge which often 
constitute the bulk of the rock (Fig. 2). The common form recognisable 
is Arche@o-lithothamnion, but apart from this we can see that several other 
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types are present. We may here point out that these alge are the first 
to be discovered from the Cretaceous rocks of India.? 


We consider the abundant occurrence of alge in these flints as of great 
importance, not only because it throws some light on the nature of the 
original rocks which have now been silicified into flints and cherts, but also 
because of the rich material which these sections provide for a detailed study 
of the South Indian Cretaceous alge. 


From all that has been said above it will be obvious that all these flints 
and cherts are merely the products of silicification of original fossiliferous 
limestones, chiefly composed of algz, corals, polyzoa, and milioline foram- 
inifers, with a few lamellibranchs and gastropods. Of these the alge are 
by far the most abundant and there is no doubt that they must have played 
a very important part in building up these limestones. The conclusion that 
these flints are merely silicified limestones is further supported by the fact 
that in both the Sendurai and Nattagooly areas, we see certain limestones 
alongside these flints ; and often it is possible to place side by side specimens 
of limestones and flints which are absolutely similar, both in hand specimens 
and in micro-sections—the only difference being that in one case the rock 
is calcareous and in the other, it is all replaced by silica. 


In connection with the subject of this paper, we may also draw attention 
to two other localities in the Trichinopoly Cretaceous area where Blanford 
has mentioned the occurrence of flints and cherts; viz., (i) near Vilangudi 
about 9 miles south-south-east of Sendurai, and (ii) near Keelanottum about 
6 miles south-east of Vilangudi. Like the flints and cherts of the Sendurai 
and Nattagooly areas, here also they overlie the unfossiliferous middle 
Ariyalur sands and clays; but whereas the former have been described by 
him as part of the wpper Ariyalurs those of Vilangudi and Keelanottum have 
been considered by him as belonging to the middle Ariyalur division, presum- 
ably because no fossiliferous limestones of the kind noticed alongside the 
flints near Sendurai and Nattagooly are found associated with the flints 
of these southern localities. 


Of the two localities now under consideration, we find that it is only 
in the Vilangudi area that we get decent im situ exposures of these flints, 
while near Keelanottum we get only a few stray fragments with no in situ 


2 L. Rama Rao: On the occurrence of Lithothamnion in the South Indian 
Cretaceous. Nature, 128, 8th Aug. 1931, p. 225. 

3 These alge from the flints and other associated rocks of the Niniyur stage 
are being described and identified in collaboration with Prof. Julius Pia of Vienna. 
A paper on this subject will soon be published elsewhere. 
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occurrence. We will therefore ignore this latter area for the present and 
proceed to give a brief account of the flints and cherts found near Vilangudi. 


Vilangudi Area. 


Loc.—Several outcrops of the flints are seen in the area about 1-2 miles 
south of the village. The most prominent of these is the one seen about 
2 miles south-south-east of Vilangudi. Here the band is almost east-west 
and is more than a furlong in length, with a maximum width of about 25 
yards. The rock occurs in huge boulders with a yellowish or reddish jaspery 
looking weathered exterior. A few small outcrops are also seen within half 
a mile north of the village. The flints of this area may at once be divided 
into two types: (i) the slate-gray homogeneous and compact variety, and (ii) 
the white or gray quartzitic type. 


Type 1— 

Macro.—This variety is common among the outcrops immediately to 
the north and south of the village. Rocks of this type are very homogeneous 
and compact, exactly like those of the Sendurai area ; but whereas they are 
brown in colour, these are bluish gray. Here also we have a few pebbly 
varieties comparable to those of Sendurai. One or two echinoids and a few 
corals are the only recognisable fossils in hand specimens. 


Micro.—Sections of this type are composed almost entirely of homo- 
geneous cryptocrystalline or even amorphous silica. As in the case of 
the Sendurai area, the ‘“‘pebbles”’ of the pebbly varieties are seen to be 
distinct algal patches. 


Type 2— 


The two big outcrops 1} to 2 miles south of Vilangudi are chiefly of 
this type of rock. ‘This has a ferruginous weathered exterior, but internally 
itis usually slate-gray in colour and distinctly granular; and a careful 
examination with a lens shows that the rock is more or less a quartzite. 
Some corals and a few fragmentary impressions of lamellibranchs and gastro- 
pods are the only fossils, and even these are well seen only on weathered 
surfaces. On the basis of their colour and texture, these can be divided into 
two varieties: (i) the fine grained gray quartzite, and (ii) the coarse grained 
saccharoidal quartzite. 


Fine grained gray quartzite.— 


Macro.—This type of rock is usually ash gray in colour, and though 
fine grained there is no room for hesitation in recognising the rock as a 
quartzite. Insome places this rock type is seen to be traversed by numerous 
irregularly wavy threads of a dull, white, and highly porous material. 
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Small minute streaks of a similar character are also very abundant in 
the body of the rock. Sometimes these streaks form a regular mesh 
work, with portions of the rock 
enclosed within the meshes (Fig. A). 
Though at first sight the rock 
appears to be unfossiliferous a close 
examination with a lens shows the 
frequent occurrence of broad patches 
of corals in many of these speci- 
mens. The entire rock, however, 
is siliceous, there being little or 
no effervescence with dilute hydro- 
chloric acid. 


Micro.—Sections of this rock-type are generally colourless and clear 
and under crossed nicols we see a regular mosaic of roughly equidimensional 
grains of quartz, a structure so typical of a quartzite (Fig. 4). The size 
of the grains, however, is variable being fine in some and coarse in others. 
In the latter case we sometimes see thin streaks of a more or less brown 
coloured material definitely occurring along the narrow interstitial spaces 
between the polygonal quartz grains, thus bringing into relief the outlines 
of the grains themselves (Fig. 3). The nature and disposition of this 
material seein to suggest the persistence of what in the original rock must 
have beer the cementing material. In several of the sections we see a 
large nur .-: of irregularly oval or elongated patches which, where the 
section is sufficiently thin, show a definite organic structure easily recognis- 
able as algal in character. Such algal patches are very common practically 
in all sections, although when the section is thick, it is difficult to recognise 
the algal structure in these patches which would then appear more or less 
structureless and opaque. Where the algal patch is fairly big and the 
structure more or less distinct, it is seen that under crossed nicols, the entire 
patch resolves itself into a regular mosaic of quartz grains as in the rest of the 
section, thus showing that it is a true case of a quartzite derived from the 
silicification of a fossiliferous rock. 

In the macro-characters described above, attention was drawn to speci- 
mens where the rock is seen to be traversed by threads of a dull white material 
often forming a regular mesh work in the body of the rock. Sections of this 
type show under the microscope that this material occurring in threads is 
also algal in nature, the algal structure being clearly seen only in thin sections. 


Apart from the alge which are by far the most common, other organic 


structures frequently noticed are those of corals. In one of the slides we 
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get a very distinct transverse section of a compound coral which can be 
recognised as Holocenia. Under crossed nicols the coral structure is also 
seen to be silicified and reveals a regular mosaic of quartz grains, thus sharing 
in the quartzitic character of the entire rock (Figs. 5and 6). A similar 
effect is also seen in the case of a few milioline foraminiferal sections in 
some of the slides. 


Coarse grained saccharoidal quartzite.— 


Macro.—The quartzites of this type differ from the above in being more 
coarsely granular and often white and saccharoidal in appearance, thus 
including some examples of typical quartz- 
ites. In some places this rock is full of 
big sized corals mostly belonging to the 
genus Heliastrea, all completely silicified 
(Fig. B). In addition to the corals, some 
impressions of lamellibranch shells and 
casts of gastropods are also often found. 
Even in cases where the rock presents the 
appearance of a typical white saccharoidal 
quartzite, it is easy to see that the rock is 
almost entirely coralline in constitution. 


Micro.—Under the microscope sections 
of this rock-type show that they are largely 
composed of an opaque material with a few 
irregular colourless streaks and patches 
here and there. The opaque material is 
very much shattered and in places where 
the section is thin, shows a distinct algal structure. Under crossed 
nicols, the entire section resolves itself into a mosaic of quartz grains. 
A few sections of milioline foraminifers are also seen now and then, and 
these are all quartzitic now. ‘Thus there is no doubt that this type is a 
true quartzite resulting from the silicification of a rock full of alge. 


From the above description it will be seen that the quartzites now under 
study are the result of silicification of an original fossiliferous rock contain- 
ing a fairly large abundance of alge, together with some corals, foraminifers, 
etc. ; and it also seems reasonable to suggest that the original rock must have 
been more or less of the nature of a fossiliferous sandstone. Beyond being 
almost entirely silicifed and converted into a quartzite, the rock does not 
seem to have undergone any great degree of metamorphism, any changes in 
this direction being those of a kind confined to the earliest stages ; for as 
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Harker‘ says in speaking of the metamorphism of the arenaceous sediments, 
“the first definite landmark of advance is the recrystallisation of the clastic 
quartz. At first the shapes of the original grains are still discernible, if there 
is sufficient interstitial material to outline them.” | 

A fossiliferous quartzite of this nature appears to be an unusually inter- 
esting type of rock. Dr. Lees in his paper on the chert beds of Palestine5 
has mentioned a similar rock-type which he describes as follows: ‘In 
some places an unusual quartzite bed outcrops interbedded with Cenomanian 
limestones. It is intensely white in colour and has a sugary surface 
texture. Mr. G. S. Blake showed me some definite, though indeterminate, 
fossil shapes in this quartzite which aroused suspicion as to its real nature. 
A thin section shows nothing but a regular mosaic of quartz crystals. Several 
opaque patches suggest some organic structure.’’ Obviously Dr. Lees is 
here speaking of a rock very similar both in nature and origin to the 
saccharoidal quartzite that we are now describing ; but whereas the fossil 
shapes he has seen are “‘indeterminate”’ and “‘suspicious’’, those in our type 
are absolutely clear and convincing. 


A very interesting question that naturally arises at this stage is the 
exact stratigraphical relationship between these Vilangudi flints and quartzites 
and the flints and cherts of the Sendurai and Nattagooly areas which are 
definitely recognised as belonging to the Niniyur stage. The Vilangudi rocks 
are also the result of silicification of original fossiliferous rocks containing 
a large proportion of alge together with some corals and milioline foramini- 
fers, like those of the northern areas; and they also similarly overlie the 
unfossiliferous sands and clays of the middle Ariyalur division. From these 
facts one is led to conclude that these are stratigraphically equivalent to the 
flints and cherts of the Niniyur stage. If so we must postulate a southerly 
extension of the Niniyur rocks right up to at least 2 miles south of Vilangudi, 
if not as far south as Keelanottum. While such a conclusion appears justified 
on the basis of our present observations, we will reserve a definite statement 
on this matter till a thorough investigation is made of the country between 
Sendurai and Keelanottum. We will also then deal with the question as 
to when and how the silicification of these fossiliferous rocks took place to 
give rise to the present flints, cherts and fossiliferous quartzites. 


* A. Harker: Metamorphism. Methuen & Co., 1932, p. 241. 
5 Proc. Geol. Assn., 39, Part IV, 1928, p. 445. 
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1.—‘ Pebbly ’ flints—showing algal structure. x40. 
2.—Broad algal patch. x75. 


3.—Fine grained gray quartzite showing the interstitial material between the © 
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EXPLANATION OF PLATES. 
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5.—Fine grained gray quartzite showing coral structure. x32. 
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ON THE SPERMATOGONIAL DIVISIONS IN 
AULARCHES MILIARIS, lL. 
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Received May 28, 1934. 
(Communicated by Professor C. R. Narayan Rao, M.A.) 

THE remarkable constancy in chromosome number exhibited by Acridide 
has been well established by the studies of Prof. C. E. McClung and his 
associates. Recently studies on the members of the sub-family Pyrgomor- 
phine have shown that there is an interesting deviation in the chromosome 
number among them. All the forms collected from every part of the globe 
possess 19 chromosomes in the males. The chromosomes are all rodshaped 
and telomitic, except in the case of one of the specimens of the Mexican 
Sphenarium, where a multiple chromosome occurs resulting in a complex 
of 17 chromosomes (McClung, 1930). Owing to this smaller number and 
the uniform telomitic nature, the Pyrgomorphine chromosomes are very 
suitable for detailed studies on the chromosome structure and behaviour. 
As McClung has suggested, here is ‘‘a form of chromosome relation of much 
significance’ which “should be studied as a type’. Comparative studies 
in the members of the group also seem to be very necessary. With 
this aim in view Prof. J. J. Asana of Ahmedabad and the present author 
have studied a number of Pyrgomorphine. ‘The following Indian genera 
have come under the observation of the author: Avularches, Orthacris, 
Colemania, Chrotogonus, Pecilocerus and Atractomorpha.' 


The present paper has within its scope only the spermatogonial divisions, 
as found in Aularches. ‘This genus is well suited for these studies on account 
of the large size of the chromosomes. The aim of the author is to present 
a description of the conditions found in this form so that they may 
be later compared with those occurring in other grasshoppers. In broad 
outlines they are very similar to the conditions prevailing elsewhere. But 
Aularches provides strong evidence for the prevailing view of telophasic 
duality, as also of the chromonema structure of the chromosomes. There- 
fore in this paper special attention is paid to the following points: (1) to 


1 Brief observations on the chromosomes of Indian Pyrgomorphine have been 
read by Prof. Asana before the sessions of the Indian Science Congress, 1928 and 1930, 
and by the present author on the Spermatogenesis in Orthacris, in January 1933. 
General features have also been recorded in Current Science, 1, Nos. 2 and 4, 1932. 
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provide a broad outline of the mitotic cycle, (2) to test the validity of the 
chromonema theory, and (3) to determine the time when the longitudinal 
split becomes apparent. This genus also possesses some interesting condi- 
tions in the spermatocytes and spermatids which will be dealt with separately. 


Aularches miliaris is commonly found in the Western Ghats of India, 
feeding on coffee plants, and specimens were secured through the courtesy 
of the Entomolgy section of the Department of Agriculture in Mysore. The 
fixatives employed by the author were chiefly Flemming’s weak solution 
and Carother’s modification of Bouin’s fluid. The latter was extremely 
successful and the majority of specimens was fixed in it. Hot water treat- 
ment before fixing in Benda’s fluid as utilised by Sharp (1929) for plants 
was disastrous to the present material. A variety of staining methods was 
employed, chiefly, Iron-hematoxylin, Feulgen’s method and gentian violet. 
The figures have all been drawn from preparations made from material 
fixed in Carother’s fluid and stained in Iron-hematoxylin. Almost all the 
-figutes have been drawn from the same individual. 


The author expresses his indebtedness to Prof. C. R. Narayan Rao 
on whose advice ‘and encouragement the study of the chromosomes of 
Pyrgomorphine was undertaken, and to Prof. J. J. Asana for advice 
‘and for ‘helping with literature. Thanks are also due to Prof. C. E. 
McClung of the University. of Pennsylvania for his kindness in going 
through this paper and making suitable criticisms which have been of the 
greatest. assistance. 

Observations. 


1. Chromosome number, size, form, etc.—Aularches miliaris possesses 
‘19 chromosomes in the males. They are all quite large and are rodshaped 
with telomitic spindle attachment. In size there is a gradual seriation 
so that it is practically difficult to identify each and every chromosome, but 
the largest and the smallest can be recognised with reasonable accuracy. 
During. metaphases (Fig. 1) they are all seen quite easily, and the largest 
of them are slightly curved, possibly to be accommodated easily within the 
limited cell interior. The metaphase chromosomes exhibit no internal 
structure. 

2. Spermatogonial cells.—The testis in Alarches is made up of a 
large numiber of follicles, at the blind ends of which the spermatogonia 
can be made out. They are all closely packed together and can be 
differentiated into primary and secondary spermatogonia (Davis, 1908; 
O..E. Nelsen, 1930). The nuclei of the primary spermatogonia which 
surround the apical cell are large with a thin layer of protoplasm around 
them. The secondary spermatogonia arise immediately on the first division 
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of the primary ones, move away from the apical cell, become surrounded 
by a thin layer of connective tissue cells and proceed to divide. This method 
of formation of the spermatogonia is similar to those in the majority of grass- 
hoppers and differs from the condition in the Tettigide (Robertson, 1931) 
where the primary cells continue to be in relation with the apical cell, till 
the 32-cell stage, when they become separated from it. The spermatogonial 
cells undergo eight consecutive divisions leading to the formation of cysts 
of 256 cells. The protoplasm becomes smaller and smaller as the divisions 
follow in quick succession. 


The earlier secondary spermatogonial cysts show that there is a regular 
arrangement of these cells in relation to each other. The cells are pear- 
shaped with their apices directed towards the centre of the cyst. The nuclei 
are situated in the broader region while in the protoplasm of the apical 
region of each cell, lies a faint more refractile body which, in some cases, 
extends into two adjoining cells. Evidently these are the “interzonal 
bodies’” mentioned by Davis. 

3. Anaphase-—The anaphase processes are practically the same as 
in all other organisms. Some structures observed by numerous workers 
on various plants and animals cannot be noticed here. The chromosomes 
take on a deep stain with very clear and sharp edges. The shorter chromo- 
somes divide first and the longest chromosome last. In the late anaphase 
figure the longest chromosome is seen extending below the others (Fig. 2). 
As this has no mate, it is regarded as the sex chromosome. The ends of a 
large number of chromosomes were studied, to find if there is any evidence to 
show that the chromosomes are double at this stage. This search was unsuc- 
cessful though the appearance of the end of the long chromosome in Fig. 3 
seems to suggest it. Occasionally some chromosomes were found to possess 
during later anaphase stages a wavy outline. 

4. Telophase.—The first feature to be noticed after the chromosomes 
reach the poles, is that they are all regularly orientated, 7.¢., lie parallel to 
each other. This parallel orientation continues into the later phases, only 
to be lost in the final prophase stages when the nuclear membrane disappears. 

In the early telophase stages the chromosomes gradually beconie less 
sharply outlined. Their uniform or rarely wavy contour of the previous 
stages give place to a clear twisted appearance, indicating that there is 
a regular spiral. In the longest chromosomes it may be noticed that there 
are four to five twists. The formation of the resting nucleus from the telo- 
phase chromosomes is chiefly the result of the diffusion of the chromosomes, 
each behaving independently. This independence is carried into the resting 
stage, where there are nineteen chromosome vesicles, The formation of 
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the resting nucleus is represented by the formation of a vesicle by each 
chromosome. This process may be understood by studying a number of 
stages in the telophase. 

(a2) In the first stage (Fig. 4), the chromosomes become slightly swollen 
and less faintly stained, and their outlines less sharp. They acquire a twisted 
appearance, but their internal structure is not yet resolvable. The difference 
in the lengths of the chromosomes continues to be visible. The nucleus 
is not yet organised. Polar views (Fig. 5) of this stage show the still 
cylindrical chromosomes closely packed together though with hazy outlines, 
Fig. 6 shows two chromosomes from a nucleus in the same stage which 
already show faint translucent spots inside them. 

(b) In the second stage the chromosomes have more diffuse outlines. 
The spiral twisting of each is quite evident. For the first time they 
show a clear internal structure (Fig. 7). Certain regions are lighter 
than others and these vary in size. The outlines of the chromosomes are 
vague and the area of each is enlarged. The whole mass of chromosomes 
seems to be enclosed in the beginnings of a nuclear membrane. In polar 
views the chromatin is restricted to the centre of each chromosome and 
surrounded by a thin layer of a clear material. The chromatin itself shows 
an irregular outline. The lighter spaces observed in the side views are here 
seen to pass through the whole thickness of the stained chromatinic portion 
and to break through the chromosome boundary (Fig. 8). Figs. 9-13 show 
chromosomes drawn separately, showing these features more clearly. 


(c) In the next stage (Figs. 14 and 15) the chromosomes appear of 
approximately uniform length, and their diffusion has gone a step further. 
Each chromosome has a thin chromatinic portion imbedded in a more fluid, 
less staining portion. The lighter regions are more pronounced and the 
stained portions thinner. The latter appear as two thin loosely intertwining 
threads. They are not altogether separate. Figs. 16-20 show the chromo- 
somes of these stages. Owing to two facts, viz., the overlapping of the two 
threads in certain planes and the presence of cross connections, the interven- 
ing clear spaces might appear to be the results of alveolization. That they are 
not vacuoles but merely spaces between the spiral threads is very evident 
in Aularches. The spiral structure is best seen in Figs. 16-19, where at 
one end the doubleness is observed. In other words, the chromatin is 
“longitudinally” split. In some chromosomes the split is very marked 
while in others it is not sharp and precise. 

(d@) The next step in the formation of the resting nucleus is marked by 
the great diffusion of the matrix of the chromosomes, which in each case has 
a clear border abutting on that of its neighbours (Figs. 21 and 22). The 


° 

Pen 


Spermatogonial Divisions in Aularches miliaris, Z. 23 


chromatin portions become very thin and the lateral projections. more 
numerous. This thinning and branching of the two threads lead ultimately 
to the formation of a clump of fine threads in the centre of each chromosome. 
The doubleness of the chromatin becomes obscured on account of the great 
diffusion. 

By this time the whole nucleus has assumed a roundish or oval outline, 
compared with the more lobate nature in the earliest stages. (Some resting 
nuclei, however, retain their lobate nature.) Davis (1908) says that in 
Dissosteria the vesicles are not quite independent of each other and that 
they are only so in the regions where the longer chromosomes project out. 
In Aularches it is obvious that the chromosome vesicles are quite independent 
of each other, throughout. 


In this process of diffusion the sex chromosome behaves rather peculiarly. 
It is the first to diffuse out. In Figs. 14 and 15 the sex chromosome is 
seen to have already formed a vesicle of its own and the chromatinic portion 
has become very diffuse. This peculiarity of the sex chromosome can be 
observed in the prophases also where it is the last to become condensed and 
to assume the typical prophase form. Consequent upon this peculiarity 
the sex chromosome always offers a striking appearance in the late telophase 
and early prophase. 


5. Interphase.—The interval between the telophase and the next 
prophase is very short in Aularches. The interphase (Fig. 23) is characterised 
by the presence of discrete and independent vesicles, in which the chromatin 
portion becomes distributed. As no special technique was employed the 
interphase did not yield any internal structure to be studied.2 During the 
interphase, 7.e., when the maximum diffusion takes place, the sex chromo- 
some vesicle cannot be easily distinguished from the others. 

6. Prophase.—The essential feature to be observed in the formation 
of the prophase chromosomes is, that they all arise independently within 
the limits of their own vesicles. The longest chromosome exhibits a slightly 
different behaviour from the others. It takes a slightly longer time to 
condense and forms a very characteristic figure in the early prophases. The 


2 There are apparently certain marked differences between the earlier and later 
spermatogonia! cells in respect to the degree of diffusion during the interphases. The 
last spermatogonial telophase is, for instance, characterised by the almost total non- 
formation of vesicles. On the other hand, the matrices seem to fuse together. The 
chromosomes retain their characteristic orientation, i.e., with their ends resting on the 
opposite nuclear walls. The twisted nature of the chromosomes and the longitudinal 
split are as clear as in earlier cells. The sex-chromosome alone forms its own vesicle 
and persists during the interphase as a dark thin crescentic structure closely pressing 
the nuclear wall, 
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processes concerned in the formation of the prophase chromosomes seem 
to be somewhat the reverse of those in the telophase. 


The orientation of the previous telophase is retained. On careful 
examination it is found that the chromatin of each chromosome is now really 
arranged in a very close spiral (Figs. 24, 25 and 26). The alveolar appear- 
ance is due to the presence of clear regions between the close spiral. 


In a slightiy later stage (Figs. 27 and 28) the spirally disposed threads 
gradually thicken and the coils become wider. In Figs. 29, 30 and 31 the 
two threads are widely separated in some regions and more approximated 
in others. Fig. 32 shows a polar view of the same stage. The chromosomes 
are seen to be independent of one another. 


Fig. 36 shows a later prophase than that shown in Fig. 32. The chromatin 
threads are thicker and the space surrounding them clearer. Figs. 33, 34 
and 35 which have been drawn from a slightly earlier stage show that the 
threads are clearly double. Fig. 34 represents a later stage of the condition 
shown in Fig. 29. As the prophase advances (Fig. 37) these spirals become 
wider and wider and the chromosomes themselves become thicker and 
longer. 


Fig. 38 shows a nucleus in which the prophase chromosomes are almost 
completely formed although they are still in their own vesicles. The spaces 
inside the vesicles are quite clear suggesting that the chromosomes have 
formed at the expense of the karyoplasm. 


The membranes of the vesicles disappear later and the prophase chromo- 
somes lie free in the cytoplasm without any orientation or arrangement. 
Gradually they become thicker and the sister halves of each chromosome 
draw together and the split between them gradually becomes obscured. 


The chromosomes of the late prophase and the metaphase do not show 
any internal structure at all, though it is warranted by inference to 
conclude that each sister half receives one of the thin spiral threads of the 
early prophase. 


Discussion. 


The points that require special attention in the foregoing account 
of the spermatogonial divisions in Aularches are:—l. The chromosomes 
exhibit a great individuality ; during interphases they form independent 
vesicles. 2. The formation of the vesicles takes place by the limited 
diffusion of the chromosome matrices. 3. The more chromatic part of each 
chromosome is in the form of fine threads. 4. These threads—the chro- 
monemata—appear in the telophases to be double and to be intertwined 
about each other; as telophase advances they become very thin, perhaps 
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anastomose and finally reach the limit of visibility. 5. They once again 
arise in the prophase as spirals entirely within the limits of their own 
vesicles and exhibit a double structure from the earliest stages. 


The severa! studies on the chromosome vesicles in Orthoptera have 
shown their great importance as evidence for the continuity and individuality 
of chromosomes. This matter has been fully gone into by several authors, 
chiefly by McClung (1924, 1927), and need not be considered here again. 
But the observation that the vesicles are formed by the limited diffusion 
of the chromosome matrix offers some suggestions regarding the nature of 
the “Karyoplasm”. Kaufmann (1926) and Sharp (1929) are inclined to 
the view that fluids enter the nucleus during the resting and the metabolic 
stages and that they ate mingled with the chromosome matrix to form the 
transparent karyolymph. On the contrary, Martens (1922) believes the two 
substances to remain distinct. In Awularches during the resting stages 
the karyolymph of each vesicle is a homogeneous clear substance without 
any distinctions between the extra-nuclear fluids and the chromosome matrix. 
As the chromosomes must grow after each division, the extra-nuclear 
substances are expected to be converted into the substance of the chromo- 
some matrix and absorbed into the chromosomes in the prophase. In figures 
of late prophases it is commonly seen that the vesicles are very transparent, 
while the spiral chromosomes within them are much condensed. The degree 
of transparency of the vesicle is directly proportional to the condensation 
and thickening of the chromosomes. These are suggestive of the idea that 
the old matrix along with the extra-nuclear substances are absorbed into the 
meshes of the chromonemata. In Aularches and other grasshoppers there 
is no question of the intermingling of the matrices of the various chromo- 
somes as they remain distinct throughout. In the last spermatogonial 
division, however, a single nucleus is formed by all the euchromosomes and 
a combined karyolymph is therefore present. The sex-chromosome, how- 
ever, retains its separate vesicle. 


As to the occurrence of the telophasic split several opinions are held which 
are closely hound up with the question of the chromonema hypothesis. The 
weakest point in this hypothesis, according to Wilson (1925), was the telophase 
chromonema, but during the last few years increasing evidence has been 
adduced by many authors, on this point, chiefly by Kaufmann (1926), Sharp 
(1929), Telezynsky (1930), Hedayetullah (1931), Perry (1932) and Gates 
(1933). These plant cytologists have developed the idea that the chromo- 
nemata are double during all stages of mitotic cycle, and they thus support 
the observations of McClung (1927, 1932) and Robertson (1931) on the 
occurrence of the telophase split in Orthopteran chromosomes, 
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Belar (1929), Darlington (1932) and Belling (1933) have, however, 
expressed opinions against the occurrence of the telophasic split. Darlington’s 
precocity theory of meiosis is partly built upon the idea of the singleness 
of the chromosomes before the resting stages and accordingly he regards 
all observations of splits in telophase as optical effects. Belling believes 
that there is no splitting of the threads at all, for he maintains that chromo- 
meres are the only structures that divide and that fresh connecting fibres 
are formed de novo at every division to unite the newly formed sister chromo- 
meres. This division of the chromomeres is supposed to take place only 
in the middle prophase. Huskins (1933) and his collaborators have 
brought forward evidence that Darlington’s precocity theory is insufficient 
to explain all observed phenomena, and regard that the actual initiation 
of splitting occurs one division cycle earlier in the case of somatic nuclei, 
while in the premeiotic division alone the splitting is belated resulting in 
synapsis and other meiotic processes. Huskins accepts the data of Sharp, 
Hedayetullah and others regarding the splitting of chromonemata during 
“‘pro-metaphase”’ in preparation for the next division. 


From the above short résumé of the current views on the subject it is 
seen that there is a great divergence of opinion among competent cytologists 
and it is a difficult matter to answer all objections. Regarding the alveoliza- 
tion hypothesis, Sharp has given strong reasons for abandoning his own 
previous views, and the matter has also been fully gone into by Hedayetullah 
and Gates. Belling’s explanation of the structures seen in the telophase is 
that they are the effects of long fixation. That such structures are not seen 
in quickly fixed smears cannot be valid proof against their occurrence, which 
is only brought to light by a suitably long fixation. Recently Baumgartner 
(1933) has shown that fixed preparations in some insects are very 
similar to the conditions in the living nucleus. Even admitting that 
the observed structures are the effects of fixation, it remains to be 
satisfactorily explained why similar structures are brought into being 
by different fixatives. Without passing any opinion on the hypotheses of 
Darlington, Belling and Huskins all of which have their points of merit, it 
can be said, from observations of actual structures, that in grasshoppers 
the chromosomes exhibit a duality during the telophases in that there are 
two intertwining chromonemata. This confirms the observations of McClung 
and Robertson. The exact manner and time of the splitting of the chromo- 
nemata could not be decided from the present study. 

The spiral structure of chromosomes is a well-established feature, though 
such a chromatin pattern ‘either is not uniform throughout the various 
species, or if so it has sometimes been misinterpreted” (McClung, 1927). 
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Sutton (1900), Davis (1908), Wilson (1925), Belar (1929) and others have 
demonstrated that in many Orthoptera the fine contorted threads of the pro- 
phase arise by uncoiling and unravelling from massive larger bodies, often 
within the limits of their own vesicles. The present study indicates that from 
the earliest stages they exhibit a double structure. Figs. 29, 30 and 31 drawn 
from certain coils of early prophase show that there are two chromonemata 
which are closely approximated in certain regions and widely separated at 
others. Due to their becoming thicker and less coiled they are drawn more 
towards each other giving an impression in middle prophases that the 
chromosomes are not yet split. But Figs. 33, 34 and 35 clearly show that the 
apparently single coil is really composed of two moieties. In later prophases 
the double nature is very evident and needs no mention. In the earliest 
prophase stage, i.e., when the coils suddenly emerge from the vesicles, 
observation of detailed structure is impossible, but from a comparison with 
the immediately following stages it can be reasonably assumed that the 
threads are double in them also, and that the prophase split is a direct 
descendant of the one observed in the telophase. 


The first account of spermatogenesis in a Pyrgomorphine was given 
by Machida (1917) who dealt with the spermatogonial divisions of Atracto- 
morpha only briefly. He observed the telophasic split but made the error, 
usual at that time, in regarding that the longitudinal split between the synaps- 
ing homologues in the first spermatocyte to be a descendant of the telophasic 
split of the last spermatogonia. He also believed that in Atractomorpha 
the chromosome number was liable to certain variations. Recent studies 
on a larger number of Pyrgomorphinz have indicated that the number (19) 
is very constant, and the general cytological condition is similar to that 
in the other groups of Acridide. Numerical variations, if any, (as in 
Sphenarium) proceed on the same lines as in the other sub-families. 


Summary. 
1. There are 19 telomitic rodshaped chromosomes in Awlarches. 


2. The spermatogonial cells and the behaviour of the chromosomes 
in them are similar in general to the same processes in other grasshoppers. 


3. There is strong evidence for the chromonema theory of the structure 
of chromosomes. 


4. The chromonemata are double in the telophases and become very 
thin and reach the limit of visibility during the resting stage. This supports 
the observations of Robertson, McClung and others on the telophase splits in 
grasshoppers, 
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5. The chromosome vesicles are formed in the interphase due to the 
limited centrifugal movement of the chromosome matrices. 

6. The chromonemata exhibit a spiral structure in the prophase. 

7. The earliest prophase stages show the chromonemata to be double. 

8. The chromonemata gradually thicken and uncoil leading to the 
late prophase chromosomes. 

Addendum. 

Three recent communications of considerable interest have appeared 
on the morphology of chromosomes, which can only be briefly mentioned 
here. Mather and Stone (J. Genetics, 28, No. 1. 1933) have sought to 
disprove the existence of telophasic split by the study of certain chromo- 
somal aberrations. They find that in irradiated cells, a number of aber- 
rations arise during the resting stage, and if the abnormalities occurred 
before the chromosomes were split, both the resulting chromosomes ought 
to show them. They have found this to be always true, there being no 
irregularities such as should result if the split occurred before the resting 
stage. Huskins (J. Genetics, 29, No. 1, 1934) has further developed his 
ideas regarding the unified theory of mitosis and meiosis and has shown 
that in somatic mitosis the chromosomes are effectively split one division 
cycle earlier so that the telophase chromosomes must be regarded as double. 
Koshy (J. R. M.S., 58, No. 4, 1933) has elaborated the chromonema theory 
by detailed studies on the somatic chromosomes of Allium and has con- 
firmed the observations on the duality of chromonemata. He has further 
shown that the twists of the chromonemata in the two limbs of the chromo- 
somes are in opposite directions, the null point corresponding with the 
attachment constriction, and that this reversal of twists is essential in the 
mechanism of mitosis. While Mather and Stone believe that the attach- 
ment constriction plays a fundamental part in the mechanics of cell-division, 
Koshy regards the anaphase movements to be entirely due to the pull exert- 
ed by the spindle fibres. These points are receiving further consideration 
to see how far they are applicable to Orthopteran chromosomes. 
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EXPLANATION OF FIGURES. 


The figures were all drawn with Zeiss apochromatic oil immersion objective, 
N.A. 1-3 and Zeiss compensating ocular x 20 or x10 with the aid of Zeiss 
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camera lucida at table level. Figs. 1 to 4 are drawn at a magnification of 
x 1575, Figs. 29, 30 and 31 at x 3940 and the rest at x 3150. 


Fic. 1.—Spermatogonial metaphase plate. 

Fie. 2.—Anaphase. 

Fic. 3.—A few chromosomes of late anaphase. 

Fic. 4.—Early telophase. 

Fie. 5.—Polar view of early telophase. The sex-chromosome seems to be in 
an advanced state. 

Fia. 6.—Two chromosomes of a slightly later stage than Fig. 5 showing hazy 
outlines and translucent spots. 

Fic. 7.—Lateral view of telophase. 

Fia. 8.—Polar view of a similar stage as Fig. 7. 

Fies. 9, 10, 11, 12 and 13.—Some chromosomes drawn separately to show the 
spiral arrangement of chromatin. 

Fies. 14 and 15.—Later telophase stages. 

Fias. 16, 17, 18, 19 and 20.—Individual chromosomes drawn separately to show 
the spiral arrangement of the chromonemata. 

Fie. 21.—Later telophase showing the formation of vesicles. 

Fic. 22.—Very late telophase showing the double threads in the vesicles. 

Fic. 23.—Interphase. 

Fic. 24.—Very early prophase. 

Fies. 25 and 26.—-Early prophases showing dense spirals. 

Fics. 27 and 28.—The spirals have become clearer. 

Fics. 29, 30 and 31.—Some chromosomes of a similar stage as Figs. 27 and 28, 
showing the double spirals. 

Fig. 32.—-Polar view of early prophase. 

Fies. 33, 34 and 35.—Three chromosomes of a slightly later stage showing the 
doubleness in certain places. 

Fic. 36.—-Mid prophase. The sex-chromosome is still a dense coil. 

Fic. 37.—Late prophase. 

Fic. 38.—Late prophase. The vesicles have not yet broken down. 
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INVESTIGATION ON METALLIC CONTAMINATION 
OF FOODS. 


I. Preparation and Storage of Foodstuffs in Tinned Brass Vessels. 


By N. C. Darra,* M.Sc. 
Department of Biochemistry, Indian Institute of Science, Bangalore. 


Received May 28, 1934. 
(Communicated by Dr. V. Subrahmanyan, D.Sc., F.1.c.) 


THE increasing popularity of metallic vessels for cooking and storage of 
different articles of food has led to a serious problem which requires careful 
investigation. This is particularly prominent in India, where even in the 
country-side, metallic ware such as brass, bronze, aluminium, tinned brass, 
iron and even lead are steadily ousting the traditional earthenware utensils. 
In most houses, the different kinds of cheap metallic vessels are used indis- 
criminately and, too often, irrespective of the nature of foodstuffs prepared, 
with the result that varying quantities of different metals pass into food. 
The quantities of metallic compounds thus entering the system, though 
small in a single dose, may yet become significant if taken regularly, so that 
it is not improbable that the cumulative effects of such metals are already 
being felt. In view of the above and the pressing need for further informa- 
tion regarding the effect of different metallic ions on the animal system, 
the present investigation was undertaken. 


Although a considerable amount of work has already been done in 
different parts of the World on the possible significance of small quantities 
of metals in foods, yet the results of such work are not directly applicable 
to the conditions prevalent in India which are, in several respects, unique 
in character. The average diet of the Indian, especially in the South, is 
characterised by the presence of large quantities of tamarind (tartaric acid) 
together with considerable quantities of chillies and salt, and since organic 
acids containing salts are known to enhance corrosion to a great extent, 
the problem of metallic contamination of foodstuffs is much more serious in 
India than has been realised so far. 


In recent years, popular opinion has favoured vessels made of certain 
metals while those of others have been condemned for some obscure reasons. 
There is no consistency, however, in this opinion, because it often happens 
that a metal or alloy which is considered to be unsuitable in certain parts 
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of India is greatly favoured in others. There are also a few popular beliefs 
regarding the association of some diseases with the use of certain metallic 
vessels. A part of this is no doubt traceable to the propaganda carried on 
by business interests, but it cannot, however, be entirely ignored. The 
object of the present investigation is to elucidate the effect of using the 
different metallic vessels and food containers on those consuming the food 
so prepared and also to determine conditions under which such vessels can 
be used without having any adverse effect on the system. 
Tin. 

Traces of tin have been reported to be present in the human and cow’s 
milk as also in the ash of human blood. It is abundant, particularly in the 
brain, spleen and thyroid. Misk (1931) found quantities of tin varying from 
5-9 mg. per kg., in the human brain to 137 mg. in the liver and spleen. 
Analysis of tissues of beef, horse and mutton by Bertrand and Cuirea (1931) 
showed the presence of tin from 0-5 to 4 mg. per kg. of fresh material. The 
tongues of animals contain tin varying from 12 to 16-4 mg. Although from 
the result of these analyses tin appexrs to be a normal constituent of the 
living organism, its physiological function in the system has not yet been 
properly understood. 

Salant, Rieger and Treuthardt (1914) working on the toxicity of heavy 
metals found that, following subcutaneous injection of the tartrate, tin 
was mostly eliminated by the gastro-intestinal tract, the kidney playing 
a subnormal réle in ridding the body of tin. Feeding experiments have 
shown that when compounds of tin were given by mouth to rabbits or dogs 
for a short period along with other food, there was no absorption from the 
intestinal canal, only traces of metals being found in the urine. Absorption 
of tin was observed, however, in the case of rats after prolonged feeding for 
4 months. Schryver carried out feeding experiments on himself taking 
1 grain of tin as tartrate daily for a week and gradually increasing the 
quantity to 3 grains in the third week. He observed a retention of 2 grains 
of tin in the body during the third week. From the collected results of 
feeding experiments on animals, Back (1933) considers that the dose required 
to give serious acute poisoning effect would be considerably greater than 
5 grains. 

Chronic tin poisoning produces irritation of the digestive tract, and 
disturbance of central nervous system and general nutrition, the common 
symptoms being metallic taste, vomiting, diarrhcea and pain in the stomach. 
Cases have been reported to show that people suffered from tin poisoning 
following consumption of tinned food. ‘‘ Poisoning has also been ascribed 
to the attack of tin vessel by sour milk.” 
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Sources of contamination of foodstuff with tin. 


Tinned brass vessels are extensively used in South India for cooking 
and storage of foodstuffs of acidic character and undoubtedly provide the 
most common source of tin in food. During the course of cooking and 
storage, the vessels are corroded and tin gets into the foodstuffs. Corrosion 
of tinned vessels depends on a number of factors such as the nature and 
composition of foodstuffs, the acidity and the buffering capacity of food 
mixtures. The problem of corrosion is further complicated owing to the 
fact that alloys of lead and tin containing varying proportion of lead are 
used for tinning such vessels. In order to study the effect of cooking and 
storage of food material in tinned brass vessel, it is important to know the 
amount of lead present in the material used for tinning. While collecting 
samples for analysis, it was found that dealers of metals stock both pure 
tin and lead and it is the tinners that mix the two in different proportions 
to suit their convenience. 

TABLE I. 
Analysis of some of the alloys that are actually being used 
for tinning vessels. 


Percentages 
Sample 
Lead Tin 
0-0 99-3 
2 0-0 99-7 
3 45°7 48-1 
4 45-9 47-5 
5 2-5 97-5 
6 50-2 46°6 
7 
Scraped from a 
vessel 62-1 38-0 


A small percentage of zinc is also used in some cases. From the 
analysis of samples and also from the information gathered, alloys con- 
taining 50% each of lead and tin, were found to be very commonly used for 
tinning vessels. Since it is definitely known that lead is toxic to the system, 
such a high percentage of lead for tinning vessels would appear to be 
undesirable. 

Two types of quantitative procedure have been employed in the study 
of corrosion of metals. One of the methods is the determination of the loss 
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of weight of a sheet of metal or utensils per se after exposure to foods. The 
other has been based on analysis of foods for the solubility of metal in question 
due to contact with metal surfaces. 

Effect of organic acids on alloys of lead and tin.—In a preliminary investi- 
gation, the former method, viz., the loss of weight of a sheet of metal 
was employed and an alloy containing 45-9% of lead and 47-5% 
of tin obtained from the market was drawn out to a smooth uniform 
sheet. Two sheets of equal area (2” x 3”) were weighed in a micro-balance 
and dipped in acid solutions containing 0-2% of acetic acid and 1% 
tartaric acid respectively. It was observed that although the quantity 
of alloy dissolved depended on the surface exposed, the quantities of lead 
and tin that went into solution were not inthe same proportion as they were 
present in the alloy. It was generally found that more tin was dissolved 
than lead. Hence chemical methods had to be applied in determining the 
quantities of tin and lead passing into solution under different conditions. 

Estimation of tin in foodstuffs—The organic matter was destroyed by 
digestion with sulphuric and nitric acids in the usual way. The digest was 
diluted with water, neutralised with ammonium hydroxide and acidified 
with hydrochloric acid (5c¢.c. of HCl for each 100 c.c. of solution). Tin 
was precipitated as the sulphide, dissolved in hydrochloric acid and little 
potassium chlorate, and then reduced to stannous condition by means of 
lead reduction method of Clarke (1931) or with aluminium foil and hydro- 
chloric acid in an atmosphere of carbon dioxide. A simple apparatus 
similar to that described by Evans (1927) was used for this purpose. Finally, 
a known amount of N/100 iodine solution was added and excess of iodine 
titrated against standard thiosulphate solution. 


TABLE II. 
Tin contents of foodstuffs stored in tinned brass vessels—100% 
pure tin was used for tinning the vessels. 


Duration of Ti 
Foodstuff pH | storage in . Remarks 
hen. p. p.m. 
Tap Water --| 7-0 24 Traces 
1 per cent. Salt solution a Boiled for 
10 mins. 8-6 
Stored for; 
24 hrs. 
Milk od 24 2-0 
Rasam.—( Dhal repared w ith 
Tamarind) -| | (a) Cooked 
for } hr. 493 
4-8 |(b) ,, 7-3 


| 
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Duration of Ti 
Foodstuff pli | storage in * Remarks 
brs. p. p. m. 
Vinegar ee 2-6 2 31-2 10 c.c. vinegar 
diluted to 200 c.c. 

Curd ee 4-5 18 39-1 

Tamarind water... --| 2-8 2 41-5 
(a) Rasam (clear soup) 4-4 18 157-9 

b ” 4-6 24 200-4 
Water extract of green mango 2-6 17 404-4 
Water extract of green mango wit): 

1 per cent. salt and 5 per cent 

sugar 17 210-5 
Dhal cooked with green mango ..| .. 12 139-6 Common in Bengal. 
Lime juice ee ot Oe 2 22-5 } 10 c.c. diluted to 

2-8 54 53-4 200 c.c. 

Vegetable salad with tomatoes. 

beet-root, 3 per cent. 

salt 2 115-8 
Mango extract 2-6 4 89-2 
Mango extract with starch (1 per 

cent.) 2-6 4 100-3 


The foregoing observations show that tinned brass vessels are attacked 
to an insignificant degree by foodstuffs like milk and water. On the other 
hand, vegetable and fruit juices containing organic acids attack tinned brass 
vessels to a great extent. Salt enhances the corrosion while sugar reduces it. 
Proteins in finely divided state act as inhibitors of corrosion. 


Rate of solution of tin.—Water extract of green mango (pH 2-6) was 
stored in a tinned brass vessel for different periods of time and the amount 
of corrosion studied. (Fig. 1.) 


Tin dissolved as P.P.M.—> 


0 2 4 6 8 10 12 
Time in hours—> 


Fig. 1. Rate of Solution of Tinin Mango Extract—pH 2-6, 
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As can be seen from Fig. 1, the corrosion proceeds rapidly during the first 
two hours, and then continues at a steady but less rapid rate. Further work 
on the rate of solution of tin at different H-ion concentrations is in progress. 


TABLE III. 
Solution of tin from vessels coated with alloys of lead and tin in different 
proportions. 
- | Percentage of tin in the alloy of lead 
Duration of and tin used for tinning 
Foodstuff storage in 
100 87-5 | | (50 
Tin passing into solution as parts 
per million 

Rasam ase 18 154-9 150-0 151-7 
(sample II) 20 159-4 157-7 162-7 
Mango dhal re: ae 12 139-6 ee 138-8 138-2 

Vinegar 2 27-9 30-7 ee 

(10 c.c. diluted to 200 c.c.) 


TABLE IV..: 

Solution of tin and lead from vessels coated with alloys of lead and tin. 
x Composition of | ‘Tin and Lead in 

Duration the alloy solution as parts 

Foodstuff of cooking per million 
or storage per cent. 

in bre. Tin Lead | Tin Lead 

Rasam (cooked) we oe 1} 75-0 25-0 6-4 0-8 
(stored) 18 75-0 25-0 | 150-0 5-0 

oe 18 50-0 50-0 150-0 5-7 
Curd (stored) ee - 18 50-0 50-0 39-1 3-1 


The results of Tables III and IV clearly show that the amount of tin 
dissolved is independent of the quantity of lead present in the alloy. It 
may also be noted that the amount of tin passing into solution is invariably 
far in excess of lead. The consequence of using vessels coated with lead 
and tin alloy would be that tin would rapidly dissolve out leaving only a 
lead coat behind, and it is finally the lead that will be attacked by acid 
solutions. 

The Effect of pH and titratable acidity on corrosion of tinned vessels.— 
Solutions of tamarind and lime juice with different dilutions were used in 
this experiment. 100 c.c. of solution were stored for two hours in each case. 
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TABLE V. 
P 
acidity as c.c. in dissolve 
Solution used Dilution pH ot neemel as p. p. m. 
acid | 
1. (a) 100 ¢.c. original solutio: 
of Tamarind “4 ae 2-6 9-8 66-8 
(b) .. | 2 times oo | 26 4:9 62-4 
(c) .. | 4 times oe 2-8 2-5 41-5 
(d) -. | 8 times -- | 28 1-2 40-6 
2. Lime juice | 10 c.c. diluted to 
(1) 100 c.c. 2-8 oa 45-0 
(2) 260 c.c. 2-8 oe 46-2 


The amount of tin dissolved by solution of organic acids in fruit juices 
does not seem to be a function of titratable acidity of the solution as can 
be seen from Table V. The observation would suggest that it is possibly a 
function of H-ion concentration. Further experiment is necessary to verify it. 


TABLE VI. 
Comparison of the extents of corrosion of aluminium and tinned brass vessels. 


Tinned Vessel - Aluminium vessels 
Foodstuff 
Duration of Tin Duration of Aluminium 
storage in hrs. p. p. m. storage in hrs. p. p.m. 
Curd ae ii 18 39-13 18. 10-65 
Vegetable salad with 
vinegar and salt e 2 115-80 5 19-74 
Vinegar 2 31-20 24 1-23 
Mango extract .. ea 17 404-42 24 1-55 
Tamarind solution as 2 41-50 17 5-87 
Rasam — “ 18 157-88 17 148-5 


Table VI shows that aluminium is more resistant to corrosion than tin. 
Acid foodstuffs containing salts can be stored in aluminium vessels for 24 hrs. 
without any large quantity passing into solution. On the other hand, 
considerable quantities of tin are dissolved during storage in tinned brass 
vessels. Extensive feeding experiments on animals would be necessary 
in order to indicate clearly whether such quantities of tin produce any harmfy] 
effect on the system, if taken regularly. 
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TABLE VII. 


Quantities of lead that pass into solution during cooking and storage 
of different foodstuffs in brass vessels tinned with alloys of lead and tin. 


Duration of Lead 
Foodstuff cooking or storage | p.p.m. Remarks 
Water, specimen (1) .-| Boiled for % hr, 0-08 ss of unknown compo- 
sition 
” ” (2) ” 0-06 ” 
” ” (3 9 ” 0-18 
Salt solution 1 per cent. ” 0-88 
Curd és ..| Stored for 18 hrs. 1-05 “ as 
3-13 | Vessel tinned with 50 per 
cent. lead and 50 per cent. 
tin 
” ” 5-00 |75 per cent. tin and 25 per 
cent. lead 


Feeding Experiments.—Rats were supplied with rice, dhal and vegetables 
containing carrots, to supply vitamin A. The food was prepared in brass 
vessel coated with an alloy containing 50 per cent. lead and 50 per cent. tin. 
For comparison two other sets of rats were kept on the same diet prepared 


in aluminium and glass vessels respectively. The experiment was conducted 
for 46 days. 


TABLE VIII. 


Average weight in grams 
Vessel 
Original Final Increase 
Glass... 4 55 100 45 
Aluminium os is 4 61 107 46 
Tinned brass 5 | 65 95 30 


The growth rate of rats maintained on food prepared in tinned vessel 
was distinctly lower than that of animals receiving food prepared in aluminium 
or glass vessels. It was observed that the effect on growth rate was more 
pronounced only in the earlier stages (Fig. 2). As the animal grew the 
difference from the control became less showing that rats began resisting 
the harmful effect of metals. Schwaibald (1933) observed that rats resist 
the action of a quantity of lead the corresponding quantity of which will 
definitely prove harmful to human beings. 
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Fia. 2. Growth Curve of rats maintained on diet prepared in different vessels. 
(1) Aluminium, (2) Glass, (3) & (4) Brass tinned with alloy of 50% lead and 50% tin. 


Experiment with Guinea Pigs.—The diet consisted of beet root, carrots 
and cabbages cooked with salt. 


TABLE IX. 


Days under 


Weight in Grams 


Number Sex Experiment 7 
Original | Final Increase 
: 1 | Male 76 313 765 452 
Aluminium vessel 
J 2 | Female 87 195 647 452 
Tinned vessel (50 per cent. \ 1 | Male 76 278 662 384 
tin ; 50 per cent. lead) j2 | Female 87 185 529 344 


There was marked difference in the growth rates of the two sets of 


animals. (Fig. 3.) 
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Fic. 3. Growth Curve of Guinea Pigs. 

Food prepared in—(1) Aluminium vessel. 
(2) Brass, tinned with alloy of 50% lead and 50%, tin. 
Experiments with Dogs.—Two females, born on the same day of the same 
mother and almost of the same weight to start with, were fed with rice, 
dhal, curd (20 c.c.) prepared in glass and tinned brass vessels. The 
result will show that the growth of the control animal was distinctly higher 

than that of the one receiving food prepared in the tinned vessel. 


TABLE X. 
Weight in Grams 
Vessel used 
Original Final Increase 

Glass ave cn be 1180 3960 2788 

Tinned vessel (50 per cent. tin and 
50 per cent. lead) ee ee 1107 3135 2038 
Difference == 750 


The results of animal experiments clearly show that food prepared in 
vessels coated with alloy of lead and tin exert a distinct adverse effect on 
the growth of young animals. That the infants are more susceptible to the 
harmful effect of traces of lead was shown by Kashara, Nosu and Nagahama 
(1933) who observed that the lead-poisoning which is common in Japan among 


breast-fed infants and is characterised by secondary anzmia of severe type 
F 
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was due to quantities of lead varying from a trace to 0-8 mg. per litre 
of mother’s milk. The severity of poisoning had no relationship to the 
amount of lead in the milk but affected the infants even though the mothers 
themselves showed no signs of poisoning. The source of lead was the cos- 
metics used by the mothers. 


Effect on the hair coat of rats —Another fact observed in this connection 
was the falling of hair round about the neck in young rats maintained on diet 
cooked in tinned brass vessels containing lead. Although this became less 
perceptible as the animals grew, yet the hair coat of such animals was always 
distinctly more rough than those of the controls. The only reference in 
literature which has some bearing on the subject is by Katsumi (1926) who 
observed a high lead content in the hair of breast-fed infants suffering from 
serious meningitis which is common in Japan and also in the hair of mothers 
nursing those infants. He also found a higher lead content in the hair of 
the kid than in the mother goat to which lead was administered. Further 
study on this aspect of the problem is in progress. 


Summary. 


1. Tinned brass vessels are readily attacked by fruit and vegetable 
juices and by such food preparations as contain large quantities of organic 
acids, with the result that considerable quantities of corresponding tin salts 
are added to the food material. 


2. The amount of tin dissolved during storage is independent of the 
amount of lead present in the alloy. It is invariably far in excess of the 
lead passing into solution. ° 

3. Solution of tin from vessels during storage does not seem to depend 
on titratable acidity, but would appear to be a function of hydrogen-ion- 
concentration of the stored material. 


4. Aluminium vessels are more resistant to fruit and vegetable juices 
than tinned brass vessels. — 


5. Food prepared in tinned brass vessels containing lead has a distinct 
adverse effect on growth of animals. 

The author’s thanks are due to Prof. V. Subrahmanyan for his kind 
help and advice in the course of the investigation. Acknowledgment is 
also tendered to the Premier Metal Factory, Bangalore, for the supply of 
all metallic vessels used in the investigation. 
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DILATOMETRIC STUDIES IN THE ENZYMIC 
HYDROLYSIS OF POLYSACCHARIDES. 


Part L. Hydrolysis of Inulin. 
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THE hydrolysis of substrates by their specific enzymes, is accompanied by 
measurable changes of volume (Sreenivasaya and Sastri, 1929) which are 
generally found to be proportional to the quantity of substrates hydrolysed 
(Peter Rona and Nelly Neuenschwander-Iemmer, 1931 and Sreenivasaya 
and Sreerangachar, 1932). The kinetics of enzyme reactions can therefore 
be followed in a suitably designed dilatometer by recording the volume- 
changes registered by the instrument at different intervals of time. The 
course of the reaction can also be followed by an entirely independent physical 
or chemical method, usually by an estimation of one of the products of 


hydrolysis. The two independent sets of results thus obtained, can be 
correlated. 


There are two classes of substrates: crystalloids like sucrose, maltose, 
urea, arginine and glucosides, and colloids like proteins and polysaccharides. 
Crystalloidal substrates which go into true solution when subjected to 
enzyme hydrolysis do not exhibit any abnormalities and there exists a strict 
linear relationship between the dilatometric changes of volume and the 
corresponding chemical values at all stages of the reaction. 


A study of the enzymic digestion of colloids, particularly those which 
are hydrophillic in character, is however complicated by the fact that with 
the enzymic disintegration of the colloidal micelle a disturbance of the water 
balance in the reacting system is created, a circumstance which influences 
the dilatometric measurement in the earlier stages of the reaction but does 
not obviously affect the values obtained by chemical analysis. The dilato- 
meter therefore affords us a possible means of detecting these abnormal 
changes accompanying the hydrolysis of hydrophillic colloids. The study 
of tryptic hydrolysis of casein and gelatin which has been carried out by 
Sreenivasaya, Sastri and Sreerangachar (1934) illustrates this point. 
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Experimental. 

The present communication deals with a dilatometric study of the 
enzymic hydrolysis of inulin, one of the simpler polysaccharides, by its specific 
enzyme inulinase. Pfanstiehl’s chemically pure inulin, and inulinase extract 
from a fungus (Penicillium sp ?) were employed in the following experiments. 
The experimental procedure employed was the differential method fully 
described in one of our earlier communications (1932). The reactions were 
carried out at 30°C. and at the optimum pH of inulinase (pH 3-8), 
MclIlvain’s citrate buffer being employed for the purpose. 

Fructose released during the enzymic digestion of inulin was estimated 
by Bertrand’s method and as suggested by the authors (Bertrand and 
Thomas, 1910) the copper values for invert sugar have been adopted for 
calculating the quantity of fructose. Three concentrations of inulin, 1-5 
1-0, and 0-5 per cent. have been employed and the experimental values 
are graphically represented in Figs. 1 and 2. The correlation between 
dilatometric depressions and the corresponding fructose values at definite 
intervals of time is illustrated in Fig. 3, while Table I gives the dilatometric 
depression in mm? per millimol release of fructose. 


TABLE I. 
Dilatometric depression (mm) per millimol of fructose 
nee 30 | 40 | 60 | 90 | 120 | 150 | 180 | 210 | 240 
Inulin 1-5% 10-3 | 9-0 | 8-5 | 8-2 | 81 7-7 | 7-9 | 7-8 | 7-6 
1-0% 8-0 | 8-0 | 8-0 | 8-3 | 8-1 | 8-1 | 7-9 | 7-8 | 7-8 
0°5% 7-6 | 7-4 | 7-9 | 7-6 | 7-8 | 7°8 | | 7-8 | 7-8 


Another set of experiments were carried out employing a slightly different 
concentration of the enzyme and also the substrate. The kinetics of reaction 
was not followed but the dilatometric depression and the fructose released 
after a certain interval of time were estimated. The depression per millimol 
release of fructose calculated from these data confirm the values given in 


Table’ I. 


TABLE II. 


Concentration of 


Time in mins, 


Total depres- 


Fructose releas- 


Depression per 


Inulin sion mm? ed mgms. 
{ 
2-0% 330 25-57 597-9 7-7 
1-0% 240 11-49 262-0 7-9 
1-0% 240 10-45 241-1 7-8 
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Discussion. 


It will be seen from the Figs. 1 and 2 that the hydrolysis of inulin 
can be elegantly followed in the dilatometer. The total depression obtained 
in the case of inulin hydrolysis for a given concentration is more than twice 
the value obtained for the hydrolysis of a corresponding concentration of 
starch (Sreerangachar and Sreenivasaya, 1933). 


In general, it may be remarked that any system which involves the 
release of fructose is accompanied by a greater depression in volume. This 
view is also supported by values for the hydrolysis of maltose and sucrose 
which are respectively 3-0 and 6-0 mm? (Peter Rona and N. N. Lemmer, 
1931 ; Sreenivasaya and Sreerangachar, 1931). 


It will be seen from Table I that the values for the dilatometric depression 
in mm? per millimol release of fructose during the first 60 mins. do not show 
any agreement with the other values obtained for later intervals of time. 
This is partly due to the large experimental error involved in estimating 
small quantities (2-20 mgms.) of the released fructose, which by the Bertrand’s 
method can be estimated only with an accuracy of +0-5 mgm. of sugar. 
Similarly, since the dilatometric column is measured only with an accuracy 
of +0-5 mm., the experimental error involved in measuring small changes 
(5-20 mm.) in the dilatometric column in the initial stages of the reaction 
is large. These errors get reduced when larger quantities of fructose have 
to be estimated and a bigger column of depression has to be measured both 
of which occur in the later stages of the reaction. Another probable factor 
contributing to the initial discrepancies may be the disturbance in the water 
balance of the system as a result of the destruction of the colloidality of 
the substrate as mentioned before. If, however, the results during the first 
40 mins. are not taken into consideration, an average volume depression of 
7-9 mm}? per millimol release of fructose is obtained. 


Summary. 


1. The kinetics of the enzymic hydrolysis of inulin has been followed 
in the two-bulbed dilatometer and also by an estimation of the fructose 
released by Bertrand’s method. 


2. For a given concentration of substrate, inulin hydrolysis is accom- 
panied by a greater depression of volume than that obtained for starch 
hydrolysis. It is suggested that systems involving the release of fructose 
during hydrolysis suffer a greater volume depression ; this is well illustrated 


by the difference in volume occurring during the hydrolysis of maltose and 
sucrose. 
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3. The dilatometric depression per millimol release of fructose during 
the hydrolysis of inulin is 7-9 mm? (average value) and is independent of 


the concentration of the inulin employed. Errors involved in the early stages 
of the reaction are indicated. 
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INVESTIGATIONS ON THE ROLE OF ORGANIC MATTER 
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Part I. Some Chemical Aspects of the Oxidation of Soil Organic Matter. 
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THE accumulated farming experience of the past several centuries and the 
more systematic scientific researches of recent years bear evidence to show 
that the organic matter of the soil plays a far more important part in crop 
production than has generally been realized. Not only does it improve 
the tilth and increase the absorptive and water-holding capacity, but it also 
alters, under certain conditions, even the ultimate physical structure of the 
soil (Sreenivasan and Subrahmanyan, 1934!). It is well known that 
the organic matter, particularly that which is added in the form of manure, 
undergoes decomposition yielding mineral nutrients in available form. More 
recent studies also show that the decomposition products include certain 
water-soluble constituents capable of stimulating plant reproduction 
(Subrahmanyan and Siddappa, 1933!); that the carbon dioxide which 
is one of the major products of oxidation enriches the surrounding atmosphere 
and facilitates increased assimilation by plants (Lundegardh, 1927, 1928) ; 
that at any rate, in the early stages, the carbon dioxide thus produced is 
sufficiently large in quantity to maintain plant life independent of the 
gas present in the atmosphere (Subrahmanyan and Siddappa, 19382). 
Evidence has also been adduced to show that the decomposition of organic 
matter which proceeds slowly under natural conditions can be hastened by 
treating soil with even mild oxidising agents resulting in the release of 
larger quantities of plant nutrients and bigger yield of crop (Subrahmanyan, 
Harihara Iyer and Rajagopalan, 1934). The foregoing observations having 
suggested that the organic matter of the soil is far less resistant than has 
hitherto been believed, the present enquiry which relates to certain aspects 
of oxidation by chemical reagents was undertaken. The results have thrown 
much useful light on the nature and behaviour of carbon compounds present 
in the soil and their relation to the nitrogenous constituents known to be 
associated with them. 
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The literature on the chemical oxidation of soil organic matter is 
comparatively limited. G. W. Robinson and Jones (1925) observed that 
the organic matter is either oxidised or brought into solution on treatment 
with 6 per cent. hydrogen peroxide. W. O. Robinson (1927) noted, on the 
other hand, that certain forms of organic matter known to be present in 
or associated with the soil are not attacked by hydrogen peroxide and that 
the treatment is not applicable to soils which are rich in lime, manganese 
or chromium oxide. Mclean (1930) observed that whereas cellulose is 
normally resistant to the action of 6 per cent. hydrogen peroxide, it is 
oxidised by that reagent in presence of soil. He also investigated the nature 
of the complexes attacked by different concentrations of hydrogen peroxide 
with special reference to their carbon and nitrogen contents (1931). Working 
with chernozem soils, Gedroiz (1930) noted that, on treatment with 30 per 
cent. hydrogen peroxide, the major part of the nitrogen of the soil is converted 
into ammonia together with traces of nitrate. On addition of increasing 
quantities of hydrogen peroxide, the soil tends to become acid suggesting 
the formation of free organic acids (Dojarenko, 1911). These observations 
though of considerable scientific interest do not yet throw much light on 
the manner and extent of oxidation to carbon dioxide which is of importance 
from the point of view of plant assimilation. Further information is also 
required regarding the influence of various factors on the efficiency of oxida- 
tion ; on the behaviour of soil organic matter as compared with other carbon 
compounds ; and on the comparative efficiency of oxidation under dry and 
swamp soil conditions. These and certain related aspects of the problem 
have been studied and are discussed in the present paper. 


Experimental. 

Estimation of Organic Matter.—The improved method of Walkley and 
Black (1934) yielded fairly concordant estimates of carbon when parallel 
specimens of the same soil were examined. When extended to pure organic 
substances, the method did not yield satisfactory results. Sucrose was an 
exception and when calculated without applying the correction factor, 
yielded approximately the theoretical value. (Expected, 42-1 per cent., 
Found, 44-2 per cent.). Urea, on the other hand, yielded the same value 
as the blank, thereby showing that it did not react with the oxidising agent 
under the conditions of the experiment. 

With a view to determining whether the method can be applied to the 
study of organic matter in the swamp soil, minute quantities of different 
substances known to be formed under such conditions (Subrahmanyan, 
1929! ; Robinson, 1930) were added to samples of a local soil and the 
total organic carbon in the mixtures estimated in the manner recommended 
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by those authors (Table I). Since some of the added materials were in the 
liquid form, small quantities (5c.c.) of water were added so as to make 
the volume of the reaction mixture the same in all the cases, including the 
control. 

TABLE I. 


: Carbon per cent. 
Material oxidised 


Expected Found 


Soil alone (control) ae ae 0-78 
» +Lactic acid .. 1-42 1-19 
» +Acetic acid .. a 1-77 0-78 
», 4-Propionic acid 2-12 1-28 
+ Ferrous sulphate 0-78 0-84 


It may be seen from the above that the added organic matter was either 
not oxidised at all or only partially so. Ferrous sulphate being itself a 
reducing agent led to an exaggerated value being obtained. 

The Degtjareff Method (1930).—As already observed by Walkley and 
Black (loc. cit.) this method yielded exaggerated values though the errors 
were not so considerable as envisaged by those authors. In the case of 
one soil (peaty specimen from Travancore), at any rate, the Degtjareff method 


yielded a very much lower value than that obtained according to Walkley 
and Black (Table II). 


TABLE II. 
Carbon per cent. according to the 
Description of Soil 
Degtjareff Walkley and Black 
Red sandy loam—Bangalore 1-12 0-74 
Peaty soil—Travancore 9-19 18-72 
Black cotton soil—Nagpur 1-22 0-81 
Alkali (Kalar) soil—Sindh 0-89 0-41 


The abnormally high value obtained for the peaty soil according to the 
method of Walkley and Black is due to the presence of large quantity of 
ferrous iron (Pillai and Subrahmanyan, 1931) which reacted with the chromic 
acid thus leading to an exaggerated estimate of carbon. According to 
the Degtjareff method, on the other hand, hydrogen peroxide, which is first 
added, would appear to have oxidised the ferrous iron, thus saving a part 
of the chromic acid so that the resulting value was lower than that obtained 
according to the other method. 
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Heating the soil suspension with the Degtjareff reagent for varying 
periods of time resulted in higher and more discordant values being obtained. 
In the case of one specimen which yielded 1-12 per cent. before heating, 
the following percentages were obtained after boiling for 1 minute—1-88, 
1-70, 1-90 and 1-66. Control experiments with the oxidising agent showed 
that this was largely due to uneven decomposition of chromic acid under 
such conditions. 


Experiments with different other organic substances also led to discordant 
results. Thus, in the case of cane molasses, ten parallel trials yielded values 


ranging from 31-8 to 38-3 per cent. Urea did not react with the Degtjareff 
reagent. 


Reaction hetween Soil and Chromic Acid under Different Conditions.— 
With a view to determining the conditions under which the indirect method 
of oxidation can be made more quantitative, a number of trials were carried 
out with aqueous or alkaline suspensions of soils. 


A specimen (5 g.) of local soil ground to pass the 100-mesh sieve was 
extracted with normal alkali and the volume made up with further quantities 
of alkali to 200 c.c. Aliquots (10 c.c.) of the extract were treated with 
10 c.c. of chromic acid prepared according to Degtjareff and 10 c.c. of 
syrupy phosphoric acid (Sp. Gr. 1-75). The mixtures were heated over 
the water bath for varying periods of time and the unused chromic acid 
determined by titration against standard thiosulphate. Control experiments 
were also carried out without adding chromic acid and correction made for 
the iron present in solution. The estimates of carbon obtained at different 
stages were, however, highly discordant, thereby showing that the oxidation 
did not proceed quantitatively under such conditions. Even prolonged 
heating did not lead to any constant value being attained. Some experi- 
ments were also carried out neutralising the alkali extract with dilute 
sulphuric acid and then adding mixtures of chromic and phosphoric acids. 
The results thus obtained were discordant as may be seen from the following 
-—carbon as estimated before heating, 0-30-0-36 per cent.; after heating 
for 30 minutes on the water bath, 0-57-0-65 per cent. 


Experiments conducted with and without phosphoric acid showed that 
the acid, though slightly helpful in hastening the reaction, was not, however, 
quite essential. Nor did its presence have any influence on the spontaneous 
decomposition of chromic acid observed on heating the reaction mixture. 

Further trials with alkali suspensions as well as alkali extracts showed 
that, even under identical conditions, parallel samples did not yield concordant 
results. The observations suggested that there were certain factors other 
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than soil organic matter which determined the reduction of chromic acid 
under different conditions. Furthermore, prolonged heating, especially 
in the case of soils containing chlorides, led to the evolution of chlorine. 
Since the latter was formed through reduction of chromic acid, a further 
error in the estimate of carbon was thus introduced. 


Oxidations conducted in aqueous solution with sucrose or molasses, 
yielded fairly satisfactory results on applying correction for the decomposi- 
tion of chromic acid on heating. The reactions were, however, generally 
slow. In the case of molasses, the mixture had to be heated for 45 mins. 
before constant values could be obtained. 

When extended to aqueous or alkaline suspensions of soil which had 
been treated with molasses as fertiliser, the method proved a failure. A large 
number of trials conducted at different concentrations and heating for vary- 
ing periods of time showed that the reaction with chromic acid was not 
quantitative ; that owing to the interference of other factors, the values 
obtained from the reaction would not truly represent the organic carbon 
present in the soil system. The following results obtained in one of the 
experiments would illustrate the above :—The material used was alkali 
extract (1 per cent.) of soil containing 1 per cent. molasses. Aliquots (10 c.c.) 
were oxidised with chromic acid in the usual way. Back titration values 
(in terms of 0-216 N thiosulphate) obtained for parallel samples—-whole 
suspensions, 9-8, 11-0, 9-5 and 8-7 c.c. respectively ; alkali extract, 18-0, 
16-8, 20-1 and 17-5 c.c. respectively. 

In view of the above and other difficulties, it was concluded that none 
of the indirect methods would be suitable for the accurate study of the 
transformations of carbon in aqueous or alkaline suspensions of soil; that 
only a direct method of estimation involving quantitative oxidation of all 
forms of carbon into carbon dioxide would prove useful under such conditions. 

Some of the Factors influencing the Oxidation of Organic Matter in Dry as 
well as Swamp Soils.—-Although a variety of methods can be adopted in the 
case of dry soils, the conditions prevalent in the swamp soil, as also the 
nature of the products formed therein, impose certain restrictions on the 
choice of technique for the study of the latter. Thus, dry combustion 
methods would be unsuitable because the swamp soil cannot be dried without 
either losing certain of the volatile constituents or otherwise undergoing 
undesirable chemical or biological changes. It would be necessary, therefore, 
to follow a method of wet oxidation, the efficiency of which may be influenced 
by (a) the quantity of soil, (b) the proportion of water to soil and, if the 
specimen is coarse or sticky, the mode of dispersion, (c) the nature and 
quantity of oxidising agent used, (d) the proportion of sulphuric acid, if 
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any be used, to those of soil, water and oxidiser, (e) the order in which the 
reagents are added, and the precautions observed in heating the reaction 
mixture, and (f) the mode of absorption of carbon dioxide and the procedure 
for estimating unused alkali. Some of the conditions have been partly. 
investigated by previous workers, but the others have yet to be studied. 


Perhaps the most important factor determining the accuracy of the 
study of organic matter is the efficiency of absorption of the resulting carbon 
dioxide. Many previous workers have also laid stress on this aspect and 
' have suggested the use of absorption towers with perforated discs or glass 
bead traps containing alkali. In all cases, initial cooling of the vapours in 
a condenser followed by displacement of the gases with a current of CO,-free 
air has been suggested. This method of absorption is generally efficient 
but it proves unsatisfactory when the evolution of gas is vigorous as in the 
case of soils which are rich in carbonates. Sudden rush of gas combined 
with the force of suction (however gentle) would render even a tall column 
of alkali inefficient. If, on the other hand, the reaction mixture is heated 
very gently and the evolution of gas slow, the experiment will have to be 
continued over a long period of time. Even then the absorption may often 
be incomplete and lead to low estimates being obtained. 


Into a Kjeldahl flask (capacity, 300 c.c.) fitted with a tap funnel and a 
condenser, 50 c.c. of a 1 per cent. solution of potassium carbonate was 
introduced. Sulphuric acid (5 c.c., 1: 1) was then let in through the funnel 
and the reaction mixture heated with a low flame. A stream of CO,-free 
air was drawn through the apparatus and the gases, after passing through 
the condenser, were drawn downward through a vertical column into an 
absorption vessel containing large excess of standard alkali. The rate of 
absorption of CO2 was followed at intervals as follows :—-A tap funnel was 
fitted to the absorption vessel in such a manner that its leg was dipping into 
the alkali. At the appointed time, a portion of the alkali was sucked into 
the funnel. From this an aliquot was pipetted out while the rest was allowed 
to flow back into the absorption vessel. The free alkali present in the aliquot 
was determined by titration against standard acid after adding excess of 
barium chloride. From the titre values and the volume of liquid left in the 
absorption vessel, the percentage of total carbon absorbed upto each stage 
was calculated and the results plotted as a curve. The experiment was 
repeated a number of times varying the rates at which CO:-free air was 
drawn through the apparatus. 


The influence of the rate of suction on the efficiency of absorption was 
similarly followed during wet combustion of sucrose. The oxidation was 
by chromic acid as recommended by previous workers. 
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It was observed that the values obtained from both the sets of experi- 
ments were discordant. In no case did the equilibrium stage correspond 
to complete absorption of the resulting carbon dioxide. The highest values 
attained were generally 5-10 per cent. less than the expected ones. Further 
observations showed that the low values obtained on drawing a swift current 
of air was due to incomplete absorption of carbon dioxide. The results 
obtained with a slow stream were first inexplicable because there was no 
escape of the gas from the absorption vessel. On repeating the experiment, 
however, with stronger heating and without allowing any water to flow through 
the condenser, correct values were obtained. This observation suggested 
that some of the CO, was retained in the cool spaces of the condenser and 
was not displaced by a slow stream of air. With a view to eliminating 
this defect, the position of the condenser was altered by having it immedi- 
ately above the absorption flask in such a manner that its stem was actually 
dipping in the alkali. The hot vapours issuing from the Kjeldahl flask were 
first passed through a trap containing glass beads moistened with a mixture 
of chromic acid (with sulphuric acid) and silver sulphate and then drawn 
downward through a straight condenser. Some carbon dioxide was still 
retained in the condenser and since it was observed that the efficiency of 
absorption was greatly reduced by sending in vapours without first cooling 
them, it was considered desirable to use the condenser itself as a part of 
the absorption system. This was effected by filling it with glass beads and 
sending in a gentle stream of alkali from above. 


It was further observed that drawing a current of air to displace 
carbon dioxide was not only unnecessary but also often inconvenient. Even 
gentle heating of the reaction mixture is quite sufficient to drive out the 
major part of that gas into the absorption system. Stronger heating leads 
to the evolution of steam which displaces the COz quantitatively and carries 
it down the condenser. Condensation of moisture in the trap leads to 
immediate rise in temperature (due to dilution of sulphuric acid) which also 
helps to drive out the gas. In this manner, complete displacement of 
carbon dioxide into the absorption system can be ensured. 


Some previous workers have drawn attention to the inadequacy of 
using dilute alkali, however large in volume, for absorbing COs. Trials 
with alkali of different concentrations showed that this was due to the poor 
solubility of the gas in very dilute solutions. Alkali of at least 2-4 N 
strength, and equivalent to about 10 times the CO2 evolved was necessary 
to ensure complete absorption. Caustic potash was found to be more 
efficient than caustic soda of the same strength. 


Arnold and Page (1930) have emphasised the need for breaking up big 
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bubbles before they escape through the alkali. Such bubbles contain mostly 
air and, in the later stages, only oxygen. When the oxidation is most 
vigorous, however, the bubbles contain small quantities of CO. which may 
thus escape absorption. After experimenting with a number of devices, 
it was found that a convenient arrangement is to tie a close-meshed copper 
gauze around the bottom of the condenser so that all the gases will have 
to pass through it before escaping into the alkali. The alkali trickling from 
above also forms a thin layer around the gauze and thus helps to remove 
a further quantity of COs. 

With an absorption system of the type mentioned above it was found 
that supplementary traps could be dispensed with. The major part of the 
COz was absorbed by the stream of alkali trickling over the large surface 
presented by the glass beads and the little quantity that was left over was 
taken up by the alkali in the bottom vessel. 

Kinetics of Oxidation of Soil Organic Matter: Preliminary Experiments 
with Pure Substances.—It was observed that many organic substances were 
readily oxidised by chromic acid while others, including some apparently 
simple substances, resisted action until a late stage. Since, in a complex 
system like the swamp soil, carbon is present in a variety of forms, it was 
considered necessary to have an idea of the range of conditions under which 
the oxidation will have to be conducted. Some experiments were carried 
out therefore following the kinetics of oxidation in a few representative 
cases (Fig. 1). 


lic, 1.—Apparatus used for following the Kinetics of Oxidation. 
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A Kjeldahl flask A (capacity, 800 c.c.) was fitted with a three-holed 
stopper through the centre of which passed a tap funnel while the two ends 
connected through taps B and F with CO: absorption systems of the type 
previously described. The material to be oxidised was introduced into 
the Kjeldahl flask in aqueous solution or suspension together with sufficient 
quantity of solid potassium dichromate to correspond to at least 10 times 
the approximate amount of oxygen required to complete the oxidation. 
Tap B was then opened (while F remained closed) and concentrated sulphuric 
acid introduced through the central tap funnel in small quantities at a 
time, the acid being blown in if the pressure inside was rather high. During 
this period, the alkali was kept trickling down the absorption system CDE 
so that any CO, that was evolved immediately after addition of acid was 
absorbed. Tap B was then closed and F opened. The reaction mixture 
was then heated with a low flame and the CO2 evolved during the next 5 mins. 
absorbed in the system GHI. In the meantime, the contents of funnel C 
were rapidly discharged through D and the traces of alkali adhering to 
the sides of the funnel or to the glass beads in the condenser washed into 
E which was then removed and a flask of similar capacity fitted in its 
place. Fresh alkali was introduced into C and again kept trickling down D. 
At the end of 5 mins. the vapours were again passed through B while 
F was closed. In this manner the CO, evolved at each stage was separately 
absorbed and estimated by titration against standard acid after adding 
excess of barium chloride. From these values the percentages of total carbon 
oxidised at different intervals were calculated. 


In one experiment, 10 c.c. of a 1 per cent. solution of sucrose was 
oxidised with a mixture of 10g. of dichromate and 30 c.c. of concentrated 
sulphuric acid. The carbon dioxide evolved at 5 minute intervals was 
absorbed in 20 c.c. lots of 3-45 N alkali and the unused alkali titrated almost 
upto the end-point against 4-208 N acid. In the final stages, 0-4 N acid was 
used for the titration. In another experiment, 20 c.c. of a 1 per cent. solution 
of urea were oxidised with 10 g. of dichromate and 50 c.c. of acid. The other 
details were the same as in the case of sucrose except that 25c.c. lots of 
alkali were used for absorption. The results have been presented in Fig 2. 

It may be noted that in the case of sucrose, the action was almost 
instantaneous, nearly 20 per cent. of the total carbon being oxidised to 
carbon dioxide even before the commencement of heating. By the time the 
reaction mixture came to boiling, more than 90 per cent. of the CO, had passed 
over and a few minutes later the entire amount had been absorbed by the 
alkali. Reverse was the experience with urea. There was no reaction 
with chromic acid for the first 20 minutes. It was only after a part of 
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Fie. 2.-—-Oxidation of Sucrose and Urea. 
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the water had distilled over and the acid had become somewhat concentrated 
that any of the carbon was oxidised. The subsequent reaction was, however, 
very rapid, the entire oxidation being complete in about 10 minutes. 

Oxidation of Biological Products—The foregoing observations having 
suggested that the oxidation of even apparently simple substances may 
proceed under different conditions, further experiments were carried out 
with a number of substances of biological interest studying their mode of 
oxidation. The substances were introduced as aqueous solutions or suspen- 
sions (10-20c.c.) and treated with mixtures of dichromate (10g.) and 
concentrated sulphuric acid (30-60c.c.). No special precautions were 
adopted with regard to starting the reaction, but in the case of volatile 
substances like acetone, ethyl alcohol, or acetic acid, the flasks containing 
the reaction mixture were cooled with ice during addition of sulphuric 
acid. The mixtures were then heated, first with a low flame and then 
more vigorously, and the carbon dioxide absorbed in the usual way. 


It was observed that in the case of polysaccharides like cellulose or 
starch, the oxidation proceeded as rapidly as in that of sucrose. 
Acetone, ethyl alcohol or acetic acid could not be oxidised completely as 
long as the proportion of sulphuric acid to water was under 2 to 1. These 
observations are in agreement with those of Friedmann and Kendall (1929). 
With increasing quantities of acid, the reaction proceeded with greater’ 
rapidity aud in all cases, the oxidation was complete if the temperature 
was maintained just sufficiently high to allow the reaction (which is 
accompanied by evolution of gas and change in colour) to proceed slowly. 
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Vigorous heating, especially in the early stages, was accompanied by partial 
loss, by volatilization, of the material to be oxidised. Citric and lactic acids 
were oxidised with comparative ease. Uric acid, casein or tyrosine offered 
no special difficulties when the usual precautions were adopted and the heat- 
ing continued until chromic acid began to decompose evolving oxygen. The 
following results (Table III) would show that, allowing for small experimental 
errors, the oxidation proceeded quantitatively in all the cases. 


TABLE III. 
Carbon in Milligrams 
Material 

Expected Found 
Cellulése 45-4 45-4 
Starch (A. R. soluble) wi 33°6 33-6 
Sucrose 21-1 21-1 
Ethyl aleohol .. 23+1 22-8 
Acetone 49-5 49-5 
Citric acid 21-9 21-9 
Lactie acid 13-1 12-9 
Acetic acid 10-1 10-1 
Urea 25-0 24-9 
Urie acid 34-7 34-7 


It may be mentioned that the “expected” values, cited above, were 
as far as possible, checked by independent methods. Thus, the purity of 
starch was verified by reduction methods (after hydrolysis), ethyl alcohol 
and lactic acid by oxidation to acetic acid (Subrahmanyan, 1929?) and 
uric acid by estimation of nitrogen. 


Influence of the weight of soil on the efficiency of oxidation —A number of 
experiments with representative Indian soils (which generally contain under 
2 per cent. of carbon) showed that quantities under 10 g. can be completely 
oxidised and the CO, efficiently absorbed with an apparatus of the type 
used in previous experiments. In the case of poor gravelly soils (containing 
0-5 per cent. or less), such as are found in many parts of the Deccan plateau, 
even larger quantities (15-20g.) can be handled accurately. If, on the 
other hand, the soil is rich in carbon, the quantities taken for oxidation 
should be so adjusted that the resulting CO2 does not exceed 600-800 mg. 
Much caution is needed in the addition of acid to soils which contain large 
quantities of carbonates because there is a tendency for the gas to rush out 
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suddenly and thus partially escape absorption. A preliminary trial adding 
dilute mineral acid to small samples of soil would be helpful in determining 
the rate at which the acid is to be added. In such cases, heating in the 
early stages will also have to be carried out with a low flame. 


Effect of increasing the proportion of water to soil—Ames and Gaither 
(1914) observed that disolution of sulphuric acid led to incomplete oxidation 
of soil organic matter. With a view to determining whether mere. addition 
of increasing quantities of water had any adverse effect on the progress of 
oxidation, the following experiments were carried out. To 10g. lots of 
three different soils, varying quantities of water (10, 20, 30, or 40 c.c.) were 
added and the suspensions oxidised with 10g. of dichromate and 30c.c. of 
acid in each case. The distillations were continued upto the stage at which 
chromic acid began to decompose evolving oxygen. 


It was observed that although increasing quantities of water prolonged 
the time of distillation, the oxidations proceeded to completion in all the 
cases. The gravelly soil of Bangalore yielded a constant value of 0-72 per 
cent. ; the alkaline (Kalar) soil of Sindh, a value of 1-15 per cent. and the 
peaty (Kart) soil of Travancore, 12-4 per cent. It would thus be seen that 
if the total quantity of acid is sufficiently large and the distillation continued 
upto a constant point, the oxidation proceeds quantitatively irrespective 
of the amount (within the range that was tried) of water present in the 
medium. 


Comparative study of the efficiencies of different oxidising agents.—It was 
observed that in presence of concentrated sulphuric acid the reaction with 
potassium permanganate was very violent, resulting in sudden rise in tempera- 
ture and such rapid evolution of CO, that the gas could not be effectively 
absorbed. A part of the permanganate also passed over as such and was 
absorbed by the alkali. In spite of the early vigour the oxidation was 
generally incomplete because the permanganate decomposed spontaneously 
within the first few minutes leaving only the less active manganese dioxide 
behind. In view of these and the difficulty in controlling the reaction, the 
use of that oxidising agent was given up as unsatisfactory. Chromic acid 
was tried as aqueous or acid solution at different concentrations. ‘That 
acid being sparingly soluble in sulphuric acid, large volumes of the 
solution had to be used for oxidising even minute quantities. The use of 
aqueous solutions, though otherwise satisfactory, involve certain defects— 
(1) even a saturated solution involved the introduction of an extra quantity 
of water which, under certain conditions, was not desirable, (2) if the same 
tap funnel is used for delivering chromic and sulphuric acids in succession, 
there is the immediate precipitation of chromium trioxide on adding the 
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second acid so that the funnel gets choked. Washing with water is inadvis- 
able because of the danger of cracking on adding sulphuric acid. A number 
of experiments with solid potassium dichromate showed, on the other hand, 
that in addition to being as efficient as chromic acid (the mechanism of 
oxidation being the same in both the cases), its use is free from the above- 
mentioned defects. Moreover, it is stable and can be handled more easily 
than the hygroscopic chromium trioxide. It has no action, by itself, on 
most carbon compounds so that the rate of oxidation can be largely regulated 
by addition of sulphuric acid alone. In view of these advantages, solid 
dichromate was preferred as an oxidising agent to an aqueous solution of 
chromic acid. A convenient arrangement for adding the dichromate would 
be to standardise the volume of powder corresponding to a given weight 
in a spoon or glass tube so that the required quantity can be easily measured 
out without having to weigh on each occasion. 

With a view to determining the minimum quantity of dichromate to be 
used in practice, 10 g. lots of the Bangalore and Kalar soils used in the previous 
experiment and 1 g. lots of the peaty soil were suspended in 25 c.c. each 
of water and treated with varying quantities (1-15 g.) of dichromate. 
Sulphuric acid (30 c.c.) was then added and the resulting CO2 absorbed in 
the usual way. 

It was observed that when the quantity of dichromate was 1 or 1-5g., 
the Bangalore soil yielded relatively low values (0-49-0-54 per cent.) for 
carbon while with 2 g. and above, the correct value (0-72 per cent.) was 
obtained. Ina like manner, the peaty soil yielded accurate estimates (12-4 per 
cent.) only when oxidised with 3 g. and above. The Kalar soil, on the other 
hand, yielded correct values (1-15 per cent.) even with 1 g. of dichromate. 
This observation first appeared rather inexplicable, but subsequent examina- 
tion showed that the Kalar soil contained practically no organic matter and 
that the bulk of the total carbon was derived from the carbonates present 
in it. 

It is generally reckoned that carbon is the chief constituent of soil 
organic matter undergoirg oxidation on treatment with chromic acid. In 
fact, many of the methods of estimating’ soil organic matter are based on 
this assumption. A computation based on the true carbon content would 
show that in the case of Bangalore soil, the dichromate required for complete 
oxidation would be 1-2 g. and that for the peaty soil, 2-1g. The quantity 
actually required was, however, about 50 per cent. more in each case. 

Influence of the quantity of sulphuric acid on the efficiency of oxidation — 
Aqueous suspensions (10g. in 25 c.c.) of the three soils used in the previous 
experiment were treated with 10 g. each of dichromate and varying quantities 
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(12-5, 25, 50, 75 or 100 c.c.) of sulphuric acid and the oxidations conducted 
in the usual way. 


It was observed that with increasing quantities of acid, the end-point 
(oxygen evolution stage) was very rapidly attained. In those cases, the 
heating had also to be done carefully as the acid tended to pass over as fine 
spray. 


The results showed that except in the case of the Bangalore specimen 
treated with 12-5 c.c. of acid (and which yielded a low value of 0-49 per 
cent.), there was complete oxidation in all the others. A study of the 
conditions that led to the single low value showed that although the acid 
was sufficient for the oxidation of organic matter, more was yet required 
for reaction with the minerals, especially iron and aluminium, in which that 
soil was rich. On the other hand, the Sindh soil was mostly sandy and did 
not take up much sulphuric acid. The quantity of peaty soil taken was 
only 1 g., so it required very little acid. It may thus be seen that although 
the oxidation may ordinarily proceed to completion even with small quantities 
of sulphuric acid, there may yet be certain special cases which may require 
very much larger quantities. It would be desirable therefore to allow for 


such possibilities and use at least 5-6 times the weight of sulphuric acid to 
that of soil taken. 


Influence of the mode of dispersion on efficiency of oxidation —Some 
experiments were carried out to determine whether fineness of division in 
grinding or the mode of dispersion of the particles had any influence on the 
oxidation of soil organic matter. 


It was observed that coarse powders passing 20-30 or 30-40 mesh sieves 
did not yield concordant results. As advocated by some previous workers, 


samples passing the 100-mesh were tried and found to yield satisfactory 
results. 


Dispersion with water or alkali had no influence on the progress of oxida- 
tion. In the case of some soils (particularly those which are rich in minerals), 
however, aqueous suspensions did not yield homogeneous samples while 
alkali (NaOH, 4 per cent.) did. It was further observed that in 
addition to dispersing the soil, the alkali also helps to arrest microbial action 
and can therefore be used with advantage in the study of carbon transforma- 
tions in the soil. On standing for more than 24 hrs., even the alkali suspen- 
sion tends to flocculate so that accurate sampling again becomes difficult. 
As the result of this, one set of experiments yielded values ranging from 
0-44 to 0-55 per cent. of carbon for parallel samples taken during a period 
of 120 hours. The alkali extract (which contained the bulk of the organic 
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matter) was, on the other hand, quite reliable and yielded the same value 
(0-23 per cent.) throughout the period of observation. 


Kinetics of Oxidation of Soil Organic Matter.—It was expected that this 
study would provide much valuable information regarding the nature and 
behaviour of the different forms of organic matter present in the soil. The 
experiments were carried out with the four soils used in the previous studies. 
The gravelly (Bangalore) and the black cotton (Nagpur) soils were weighed 
out in 10g. lots together with 10g. of dichromate and 25 ¢c.c. of water. 
The oxidation was initiated by adding 30 c.c. of concentrated sulphuric 
acid and heating with a low flame. The CO2 evolved at 5 minute intervals 
was absorbed in an apparatus similar to that sketched in Fig. 1. In the 
case of the alkali soil 5g. lots were taken for oxidation and in that of the 
peaty soil which is very rich in organic matter, only 1g. was taken. The 
details relating to the oxidation were otherwise the same in all the experi- 
ments. The results have been presented in Fig. 3. 
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Fic. 3.—Oxidation of Soil Organic Matter. 


©—o Gravelly Soil (Bangalcre). 
%--« Alkali (Kalar) Soil (Sindh). 
Peat (Kari) Soil (Travancore). 
4—a Black Cotton Soil (Nagpur). 


It may be noted that in all the cases the major part of the CO» passed 
over within the first 15 mins. In the case of the Bangalore and the black 
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cotton soils, the rate of evolution was as vigorous as in the Kalar soil 
the major part of the carbon of which was present as carbonate. In the 
case of the peaty soil, the reaction was apparently a little slower than in the 
others but even in that case all the carbon was completely oxidised before 
the 20th minute. These observations combined with the previous ones 
would show that at any rate the major part of the soil organic matter is of 
readily oxidisable character ; that irrespective of the chemical nature of the 
various materials combining to form soil humus, the ultimate composition 
is such that it can be oxidised nearly as easily as sucrose. This conclusion 
is further strengthened by the observations of Harihara Iyer and Rajagopalan 
(unpublished data) who find that even mild oxidising agents like manganese 
dioxide or ferric oxide can oxidise a considerable portion of the soil organic 
matter to CQO, at ordinary temperatures (25-30°), within a few weeks. 
Further work on this aspect of the problem is now in progress and will form 
the subject of a later communication. 


a. oO Os 


The results presented in Fig. 3 only represent the quantities of CO2 
that passed over from the Kjeldahl flask into the absorption system. The 
heating was carried out with a low flame so that it is hardly probable that ? 
all the CO. was carried over immediately after it was formed. It was, in 
fact, observed that even in the case of carbonate solutions from which the 
liberation of COz is instantaneous, it takes 10-15 minutes for all the gas 
to be displaced by steam. It has tobe inferred, therefore, that in all the 
cases, the reaction between soil and chromic acid was very rapid and that 
the oxidation was complete in under 10 minutes. 


The results of the foregoing experiment provide useful information 
that will be of assistance not only in controlling the rate of absorption of 
COz but also in determining when the distillation is to be stopped. The 
most rapid evolution of COz2 is in the early stages, just before and for some 
time after steam begins to condense in the absorption system. If at this 
stage the heating is carried out carefully with a low flame, then the COs is 
slowly displaced so that the stream of alkali absorbs all the gas that passes 
into the condenser. On the other hand, strong heating, especially in the 
case of a carbonate soil, would cause all the CO, to rush suddenly into the 
condenser and thus partially escape absorption. It is obvious therefore 
that careful heating is needed in the early stages. 

After the steam has condensed for about 5 mins., the flame can be 
raised and the heating continued vigorously for a further period. The minute 
quantities of CO2 which then pass over can be easily absorbed by the alkali. 
Moreover, condensation of the steam causes a fall in pressure in the absorption 
system so that the alkali actually rises to some extent in the condenser thus 
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making an effective seal through which no gas can escape. The distillation 
can ordinarily be stopped about 15 mins. after the steam begins to issue, 
but a time limit of that type would be only arbitrary and not always a safe 
criterion to follow. The efficiency of displacement of CO2 depends largely 
on the rate at which steam issues from the Kjeldahl flask: the latter is 
determined by a number of factors such as the height of flame, volume of 
water in the flask and such like, so it would be desirable to choose a more 
definite stage for stopping the distillation. 


Attention has already been directed to the fact that after the major 
part of the water has distilled over, there follows the rapid decomposition 
of chiomic acid accompanied by the formation of chromium sulphate and 
evolution of oxygen. This is an unmistakable stage. Not only is the colour 
change prominent but the rapid bubbling of gas through alkali after a quiet 
interval is also distinctly noticeable. These changes continue over several 
minutes so that at any time during the interval the distillation can be 
stopped. Continuing the distillation beyond the gas production stage is 
not only unnecessary but also undesirable because there is the danger of acid 
vapours then passing over. 


Oxidation of organic matter in swamp soils——As already mentioned, the 
conditions in the wet soil are more complicated than those prevalent in the 
dry soil. Not only is the former more inconvenient to handle but it also 
includes a variety of fermentation products such as alcohols, esters and acids 
many of which are difficult to oxidise (Subrahmanyan, loc. cit.). In view, 
however, of the relative ease with which the humic matter of the soil can be 
oxidised, some experiments were carried out to determine whether in presence 
of soil minerals, the entire organic matter of the swamp soil can be oxidised 
under conditions similar to those observed in the case of the dry soil. To 
10g. lots of black cotton soil, different quantities of 1 per cent. acetic 
acid together with 30c.c. of water were added and the mixtures oxidised 
with 10g. of dichromate and 30c.c. of concentrated sulphuric acid in the 
usual way. 

It was observed that although the reaction proceeded apparently 
smoothly, the alkali in the absorption system turned rapidly blue suggesting 
that a substance (probably acid) capable of attacking the copper gauze at 
the bottom of the condenser was passing into the distillate. This suspicion 
was later confirmed by orientation and other tests which showed that acetic 
acid was being carried over, as such, by the steam. Examination of the 
liquid suspension in the Kjeldahl flask also showed that a considerable part 
of. the added acetic acid remained unattacked. The following were the 


results obtained (Table IV). 
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TABLE IV. 


Carbon in milligrams 


Present in | Added as acetic Found in the 
the soil acid mixture 
98-0 76-0 86-9 
” 32 1 70 7 
” ” 98-5 


The foregoing observations having shown that the oxidation of acetic 
acid is not facilitated by the presence of soil, experiments were next carried 


out reducing the proportion of acetic acid and increasing those of dichromate 
and sulphuric acid. 


It was observed that increasing the quantity of dichromate above 
7-10 g. for every 10g. lots of soil containing 20c.c. of 1 per cent. acetic 
acid was not only unnecessary but also, in some respects, inconvenient. 
Reducing the volume of acetic acid solution (including that of water added 
to the soil) or increasing the quantity of sulphuric acid led to increased 
efficiency in oxidation. The lowest proportion at which the oxidation 
proceeded to completion was 2 of acid (by volume) to one of solution, 
while with higher proportions of acid, the reaction commenced very much 
earlier and proceeded more rapidly. These observations are similar to those 
made in the case of acetic acid alone, so it may be inferred that the mineral 
matter of soil has no influence. on the chemical oxidation of some of the 


more resistant forms of organic matter known to be formed under swamp 
soil conditions. : 


Effect of addition of dehydrants on the efficiency of oxidation.—Since the 
efficiency of oxidation of certain biological products is lowered by the 
presence of excessive amounts of water and since, under certain conditions, 
the presence of rather large quantities is unavoidable, some experiments 
were carried out to determine whether addition of certain inorganic dehydrants 
would reduce the effective concentration of water and thus lead to better 
results. Varying quantities of anhydrous sodium or copper sulphate were 
added to suspensions of Bangalore soil (10 g.) in 20c.c. of 0-085 N acetic 
acid and the mixtures oxidised in the usual way with 10g. of dichromate 
and 30c.c. of concentrated sulphuric acid. 


It was observed that although the anhydrous salts (especially copper 
sulphate) produced the desired effect by turning the aqueous suspension into 
semi-solid mass, the reaction mixture became liquid again on addition of 
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concentrated sulphuric acid. Even on heating with a low flame, the mixture 
soon came to boil without either gas evolution or change of colour which 
generally indicates the commencement of oxidation. As previously observed 
in cases of incomplete oxidation, the alkali in the absorption vessel turned 
light blue indicating that acetic acid was passing over as such into the 
distillate. This was subsequently confirmed by the results which yielded 
a consistently low estimate of 56-6 mgms. while the correct value was 94-0 
mgms. The carbon present in the soil was 53-3 mgms., so the quantity of 
acetic acid that had oxidised or passed over as such, corresponded to only 
3-3 mgms., out of a total of 40-7 mgms. Similar low estimates were 
obtained whether 10 or 25g. of anhydrous sodium or copper sulphate was 
used. These observations would show that those salts had no effect on the 
progress of oxidation. 


Subsequent observations showed that the anhydrous salts were ineffective 
because of the presence of sulphuric acid which was even more powerful as 
a dehydrant and withdrew the water even after combination with the salts. 
Addition of phosphorus pentoxide would, no doubt, effectively reduce the 
concentration of water,’ but it was felt that both on account of expense and 
the increased quantity of acid, it would be no improvement on the addition 
of excess of sulphuric acid alone. 

Influence of mineral catalysts on the oxidation of organic matter in swamp 
soils._-Some experiments were carried out to determine whether the oxida- 
tion of more resistant forms of organic matter can be catalysed by addition 
of certain metallic salts or other substances which would react with chromic 
acid causing the liberation of oxygen. To suspensions containing 10 g. lots 
of Bangalore soil and 20c.c. of 1 per cent. acetic acid or urea, 10 g. of 
dichromate and varying quantities of different peroxides or salts were added. 
Sulphuric acid (30 c.c.) was then added through the tap funnel and the 
oxidation conducted in the usual way. 


It was observed that in the case of hydrogen peroxide (20 c.c., 3 per 
cent.)the reaction was instantaneous. There was vigorous evolution of 
oxygen accompanied by reduction of dichromate. The reaction with 
barium peroxide was comparatively mild. There was fairly rapid evolution 
of oxygen, but there was only a slight reduction of dichromate. In the case 
of manganese dioxide, the reduction was still milder ; there was some’ evolu- 
tion of. oxygen on heating but there was no perceptible reduction of 
dichromate. Ferrous sulphate reduced the dichromate but did not start 
any further action. In presence of salts of heavy metals, the reaction 
proceeded in the same manner as in dilute aqueous suspensions ; there was 
neither evolution of gas nor any other apparent improvement on the rate 
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of oxidation. The results showed that in spite of the promising indications 
observed in some of the cases, the oxidation of organic matter did not proceed 
to completion in presence of any one of the several catalysts that were tried. 
Total carbon expected in mg., 97-7 (soil, 57-0+ acetic acid, 40-7). Found— 
Hydrogen peroxide (20 c.c., 3 per cent.), 59-0; barium peroxide (5g.), 
56-6; barium peroxide (10 g.), 51-0; manganese dioxide (3 g.), 61-8; copper 
sulphate (hydrated, 3 g.), 61-8; mercuric sulphate (3 g.), 66-9. 


Further observations showed that although the addition of hydrogen 
peroxide or a solution of barium peroxide in dilute phosphoric acid led to 
the momentary formation of perchromic acid, there was absolutely no reaction 
with the organic matter of the soil. In presence of concentrated sulphuric 
acid there was only decomposition of the dichromate, the oxy,;en~ produced 
as the result of such action having no effect on the oxidation of organic matter 
present in the medium. Even in presence of very dilute mineral acids the 
reaction proceeds in the same way, the two oxidising agents acting 
preferentially on each other rather than on the organic matter present in 
the medium. In neutral medium, only hydrogen peroxide acts partially on 
soil organic matter. The most resistant forms are left unattacked. If 
barium peroxide is added by itself to a soil suspension containing dichromate 
and sulphuric acid, hydrogen peroxide is produced only in traces while there 
is copious evolution of oxygen. Ferrous sulphate as also the other mineral 
salts which were tiied as catalysts were only partially effective. It was 
concluded therefore that in the case of the swamp soil containing different 
products of fermentation, addition of large excess of sulphuric acid is quite 
necessary to ensure complete oxidation. 


Manganese dioxide or Barium peroxide as supplement to chromic acid 
in the oxidation of soil organic matter.—FEstimates of nitrogen in the residue 
left after oxidation of carbon showed that the large quantities of chromium 
sulphate left in the medium interfered with the progress of subsequent 
digestion according to the Kjeldahl method. Other observations (which 
will be described in a subsequent communication) also showed that chromium 
tended to combine with the soil matter and thus prevented the digestion 
from proceeding to completion. With a view to eliminating or, at any rate, 
minimising this defect, some experiments were carried out using only small 
quantities (1 g.) of dichromate for oxidation and supplementing it by addi- 
tion of varying quantities of barium peroxide or manganese dioxide. To 
10 g. lots of soil suspended in 30 c.c. of water, the different oxidising mixtures 
together with 30 c.c. of concentrated sulphuric acid were added, and the 
oxidations conducted in the usual way. The following were the results: 
Carbon (per cent.) expected, 0.72. Found.—Manganese dioxide (3 g.), 
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0-54; manganese dioxide (10 g.), 0-62; barium peroxide (3 g.), 0-49; 
barium peroxide (8 g.), 0-52; barium peroxide (10g.), 0-40. 

It may be inferred from the above that neither manganese dioxide 
nor barium peroxide can usefully supplement chromic acid in the oxidation 
of soil organic matter. 

Proportion of sulphuric acid to water and temperature of oxidation.—-In 
the course of some previous experiments it was observed that as-the propor- 
tion of sulphuric acid to water was increased, the reaction with organic matter 
appeared to conimence correspondingly more rapidly. This suggested that 
the proportion of sulphuric acid had some influence on the temperature of 
oxidation. Some systematic experiments were carried out, therefore, adding 
minute quantities of urea (solid) or acetic acid (Sp. Gr. 1-075) together 
with solid dichromate to mixtures (50-60 ¢.c.) of sulphuric acid and water 
in different proportions and noting the temperatures at which (a) the oxida- 
tion as indicated by production of carbon dioxide and (b) the boiling of the 
reaction mixture commenced in each case. The temperature of the vapour 
distilling over was also noted in each case (Table V). 


TABLE V. 
Oxidation of Urea Oxidation of Acetic Acid 
Proportion Tem | 
r p.at | Temp. of Temp. at Temp. of 
of sulphuric Temp. at which the vapour Temp. at which the vapour 
acid to water — reaction which newts reaction which 
mixture distils oxidation mixture distils 
commences boils commences) boils 
Ee | 60-62 190 97 64-65 199-200 97 
Ash 66-68 170 97 68-70 168-170 97 
Fe | 70+72 150 97 73-75 160 97 


It is of interest to note that although the two substances are widely 
different in character, the temperature at which the oxidation commences 
is very nearly the same for a given proportion of acid to water. Even 
the slight difference that was observed is presumably due to the water (about 
20 per cent.) in the solution of acetic acid. As may be naturally expected, 
the temperatures at which the mixtures commenced boiling were determined 
by the proportion of sulphuric acid to water. The temperatures were not 
constant but tended to rise with the elimination of water. The temperature 
of the issuing vapour corresponds to the boiling point of water at Bangalore. 
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The precise nature of the conditions that determine the temperature 
at which oxidation commences is still obscure. Further work on this aspect 
of the problem is in progress. 


Discussion. 


The results of the present investigation lend much useful support to 
the previous observations (Subrahmanyan, Harihara Iyer and Rajagopalan, 
loc. cit.) regarding the behaviour of soil organic matter towards chemical 
oxidisers. The kinetics of oxidation show that at any rate the major part 
of soil organic matter is as easily oxidised as sucrose or any other carbo- 
hydrate material. The reaction is quantitative and proceeds even in 
presence of considerable quantities of water. On the other hand, acetic 
acid which is one of the products formed under swamp soil conditions, offers 
considerable resistance to chemical oxidation. 


It is well known that the humic matter of the soil is highly resistant 
to the action of micro-organisms, while substances like urea are so rapidly 
ammonified even under swamp soil conditions that there is danger of consider- 
able loss of nitrogen by volatilization (Subrahmanyan and Sreenivasan, 
19347). Acetic acid is also readily attacked by a number of insects, 
fungi and bacteria associated with the soil. These observations are the 
very reverse of those made during chemical oxidation. In the latter case, 
the humic matter is readily attacked while urea and acetic acid offer consider- 
able resistance. Since under field conditions the release of plant nutrients 
is, to a large extent, dependent on the decomposition of organic matter, 
it would appear that the chemical and biological methods of oxidation can 
be advantageously combined in practice. As indicated elsewhere, there 
are several mild oxidising agents which could act on humic matter while 
the micro-organisms act on others so that the combined activity would result 
in increased benefit to the crop. 


In addition to the useful information regarding the oxidation of soil 
organic matter, the present study has also provided a mass of data that 
has been of much assistance in the development of a simple and accurate 
method of estimating carbon in soils and biological media. This will be 
the subject of a later communication. 


Further work on the mode of oxidation of soil organic matter by 
different other oxidising agents—particularly those of the milder type—is 
in progress. The associated nitrogen and mineral transformations are also 
being studied. 
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Summary. 


1. Attention has been drawn to the relative ease with which the organic 
matter of the soil can be oxidised by chemical agents and the possible 
application of the treatment to obtain increased crop production. 


-2: Indirect methods of estimating soil organic matter yield comparative 
estimates when a number of specimens are examined, but are not sufficiently 


reliable for the study of carbon transformations, especially under swamp 
soil conditions. - 


3. The various factors influencing the oxidation of organic matter 
in dry as well as swamp soils have been discussed. 


_ 4,.. The usual practice of displacing carbon dioxide by a stream of 
(COo-free) air is not only inconvenient but also unnecessary. The steam 
generated during the heating of the reaction mixture is itself sufficient to 
quantitatively displace all the carbon dioxide produced. 


5. Among the several agents that were tried, chromic acid was the 
most satisfactory in regard to speed and efficiency of oxidation. ‘The condi- 


tions relating to the addition of reagents, distillation and condensation have 
been standardised. 


6. The most efficient way of absorbing the carbon dioxide resulting 
from the reaction was found to be that of using the condenser packed with 
glass beads as a part of the absorption system. A slow stream of 3-4 N 
alkali trickling from above was found to be most suitable for the purpose. 


7. The kinetics of oxidation of soil organic matter has been followed 
and compared with those of other carbon compounds. It has been found 
that in presence of chromic acid the major part of soil organic matter is 
almost instantaneously oxidised ; that within a few minutes after steam 
begins to condense, the oxidation is complete. Among the other carbon 
compounds only the carbohydrates are so easily oxidised while others like 
alcohol, acetone, acetic acid or urea offer more resistance. 


8. Oxidation of soil organic matter proceeds quantitatively even in 
presence of excess of water provided the total quantity of sulphuric acid 
is at least twice the weight of the soil and the distillation is continued upto 
the oxygen evolution stage. Addition of increasing quantities of either 


dichromate or sulphuric acid above a minimum does not improve the efficiency 
of oxidation. 


9. Some of the products formed under swamp soil conditions are highly 
resistant to oxidation by chromic acid. Quantitative oxidation is possible 
only when the proportion of sulphuric acid is at least 2 to 1 by volume. 
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10. Addition of dehydrants does not improve the efficiency of oxidation 


of the more resistant forms of organic matter. 


The reaction is not catalysed 


by addition of peroxides or salts of heavy metals. 


11. 


Application of the results to the standardisation of an elegant 


and accurate method of estimating carbon in soils and biological media is 


indicated. 
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PHOSPHORUS IN VEGETABLE PROTEINS. 


I. The Mode of Association of Phosphorus with the Globulins of Lathyrus 
sativus (Khesari) and Vicia sativa Var. Angustifolia (Akta). 


‘ By Y. V. SREENIVASA RAU, M.Sc., A.I.LSc., 
Department of Biochemistry, Indian Institute of Science, Bangalore. 


Received June 30, 1934. 
(Communicated by Prof. V. Subrahmanyan.) 


THE discovery of the biological value of organic compounds containing 
phosphorus has, in recent years, awakened fresh interest in the structure 
of natural conjugated phosphoric acids. The latter come under the group 
of phospho-proteins, the best known among which are casein and vitellin. 
It is now generally admitted that the phosphoric acid group in these proteins 
is definitely in organic combination, though the precise mode of its associa- 
tion with the molecule has been the subject of some controversy. (Posternak, 
1927; Rimington, 1928; Posternak and Posternak, 1928; Lipmann and 
Levene, 1932.) 

Of the different phospho-proteins, casein is the one that has been most 
studied, but its phosphorus content has, until recently, been a subject of 
difference among the various workers. Bosworth and Van Slyke (1914) 
obtained a value of 0-71 per cent. ;-Van Slyke and Baker (1918), 0-8 per cent. ; 
Carpenter (1931), 0-86 per cent.; and Berggren (1932), 0-81 per cent. An 
average value of 0-8 per cent. is now generally accepted. 

In the course of an investigation on the proteins of Lathyrus sativus and 
Vicia sativa, it was observed that preparations of globulin obtained by 
different methods showed varying phosphorus contents though the distribu- 
tion of nitrogen was about the same in all the cases. In view of this peculiar 
observation, the present investigation was undertaken with the object of 
determining whether the phosphorus occurs as an impurity or in combination 
as an integral part of the protein molecule. 

Lathyrus sativus (Khesari) is a leguminous annual raised in many parts 
of Central and Northern India. This pulse forms the chief source of 
protein for a large section of the population and, in times of famine, forms 
the main source of food for months together. It has been observed that a 
kind of paralysis, known as Lathyrism, is prevalent in areas where the pulse 
is consumed, the incidence of disease increasing with the proportion of 
Lathyrus sativus taken as food. The origin of the disease has been the subject 
of a number of enquiries (Buchanan, 1904; Stockman, 1917; Howard, 
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Anderson and Simonsen, 1924-25) and general evidence would appear to 
point to the seeds of a leguminous weed, Vicia sativa (Akta) occurring in 
association with Lathyrus sativus and which contains a cyanogenetic glucoside 
(Ritthausen, 1870; Bertrand and Weisweiller, 1908, 1910; Mirande, 1921; 
Steyn, 1933) being responsible for it. The evidence is still inconclusive and 
since the proteins form the most important food constituents in those seeds, 
it was considered that a study of the distribution of nitrogen may throw 
fresh light on the problem. 


Experimental. 


_ The seeds were sun dried, the husks removed and powdered and 
extracted with ether. In each case, 1 kg. of the flour was extracted with 6 
per cent. sodium chloride and filtered in fluted filter papers under gravity. 
The clear extract was dialysed in parchment paper against running distilled 
water. The precipitated protein was centrifuged, washed with water and 
then with graded strengths of alcohol and finally with ether. The albumin 
in the case of Lathyrus sativus was obtained by acidifying the dialysate with 
glacial acetic acid. The globulin from Vicia sativa was obtained by dialysis 
and dilution respectively. The yields were as follows :—globulin from 
Lathyrus sativus, 25 g., albumin, 2 g.; globulin from Vicia sativa, by dialysis, 
20 g., by dilution, 15 g. 


The analysis of the proteins was carried out according to methods 
outlined in a previous paper (Sreenivasa Rau and Sreenivasaya, 1933). 
The results are given in the following tables :— 


TABLE I. 
Proteins from Globulin from 
Lathyrus sativus | Vicia sativa by 
Globulin Albumin | Dilution Dialysis 
Percentages 

Total Nitrogen es 16-80 16-38 16-40 16-24 
Ash 4" 0-32 0-20 0-49 0-51 
Phosphorus’ (as P) 0-10 0-17 0-50 
Sulphur? (as 8) “* 0-44 0-88 0-43 0-40 


» Micro method of Pregl. 
2 Do. of Carius, 
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TABLE II. 
Results expressed as percentages of Total Nitrogen. 
Proteins from Globulin from 
Lathyrus sativus Vicia sativa by 
Globulin Albumin Dilution Dialysis 
Sol. Humin 0-27 1-03 0-37 0-38 
Insol. Humin 0-27 1-66 0-51 0-54 
Amide N 9-56 7°65 10-19 9-91 
Total basic N 35-70 29-25 31-41 31-72 
Arginine 14-92 23-83 24°81 
Histidine. . 9-93 1-02 0-88 
Cystine 0-17 0-30 0-25 
Lysine 10-68 6-26 5:78 
Non-basic N 52.16 60-44 57-56 57-47 
TABLE ITI. 
Results expressed as percentages on protein. 
Proteins from Globulins from 
Lathyrus sativus Vicia sativa by 
Globulin Albumin Dilution Dialysis 
Arginine 7-79 7-60 12-14 12-52 
Histidine 6-15 goat 0-62 0-53 
Cystine 1-70 3°31 1-74 1-70 
Lysine 9-27 5-35 4-90 
Tyrosine 3-10 3-42 2-68 2-82 
Tryptophane 0-78 0-58 0-68 0-64 


The different proteins contain about the same percentage of basic 
nitrogen. The globulin from Lathyrus sativus contains more of histidine 
and less of arginine than the corresponding protein from Vicia sativa. The 
tyrosine and tryptophane contents do not show any considerable variations. 
The albumin from Lathyrus sativus is richer in cystine than the other 
preparations. The biological values of the proteins are under investigation. 
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The mode of association of phosphorus with the globulins of Akta seed.— 
The ether extracted flour (500 g.) was treated with 2 litres of 6 per cent. NaCl 
and shaken for half an hour. To the clear extract ammonium sulphate 
was added. , When the concentration of ammonium sulphate was 27 per cent., 
a fraction was precipitated. This was centrifuged, washed with ammonium 
sulphate of the same concentration, dissolved in a small quantity of 2 per cent. 
sodium chloride and precipitated again with AmsSO,y. The reprecipitated 
protein was dissolved in sodium chloride solution and dialysed until it was 
free from salt and ammonium sulphate. (Fraction I: yield, 8 g.) 


The filtrate from the above experiment was further treated with 
Am,.SO,. A second fraction separated when the concentration of Am2SO, 
was 40 per cent. This fraction was similarly purified. (Fraction II: yield, 
4 g.) 

The filtrate after removing fraction II was acidified with glacial acetic 
acid when a heavy precipitate came down. The precipitate was separated by 
centrifugation and purified in the usual manner. (Fraction III: yield, 5 g.) 


The phosphorus and nitrogen contents of the three fractions were determined 
(Table IV). 


TABLE IV. 
Results expressed as percentages of protein (ash and moisture free). 
Fraction Phosphorus Nitrogen 
I Nil 16-63 
Ill 0-28 16-60 


It was observed that fraction III which was the only one containing 
phosphorus was contaminated with albumin. Salt precipitation was 


therefore further extended, increasing the concentration of Am2SO, to 100 
per cent. 


The flour (2 kg.) was extracted with 3 litres of 6 per cent. NaCl. It was 
filtered through cloth and the residue again treated with another 2 litres of 
NaCl and shaken for half an hour. The combined extracts were passed 
through gravity filters and the clear filtrate (about 4 litres) treated with 
increasing quantities of ammonium sulphate upto 100 per cent. The 
fractions which separated at different stages were reprecipitated, dissolved 
in 2 per cent. NaCl solution, dialysed until free from salt and sulphate and 
then dehydrated (Table V). 
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TABLE V. 
Percentage of 
ammonium Yield in grams Colour 

sulphate 
27-0. 10-0 Ash grey. 
31-9 5-0 Slightly red. 
36-0 15-0 do. 
39°3 18-0 Pale yellow. 
50-0 No precipitate. aves 
75-0 do. 

100-0 do. 


The extract left from the above was dialysed until it was almost free 
from ammonium sulphate. A few c.c. of glacial acetic acid were then added and 
the albumin coagulated by just warming on the water bath. The supernatant 
liquid was syphoned off and the residue centrifuged. The albumin was 
dissolved in 2 per. cent. NaCl and dialysed until free from chloride and 
sulphate. It was then precipitated from the dialysate by treatment with 
glacial acetic acid. The precipitated albumin was centrifuged and washed 
with water acidulated with acetic acid. It was dehydrated with graded 
strengths of alcohol and finally with ether. A light, white powder was 
obtained. (Fraction V: yield, 1 g.) 


Phosphorus and nitrogen were determined in the five fractions—four 
globulins and one albumin. (Table VI.) 


TABLE VI. 


Results expressed as percentages on ash and moisture-free protein. 


Fraction Phosphorus Total Nitrogen 
I Globulin Nil 16-60 
II $9 16-90 
” ” 17-19 
IV ” 17-32 
¥ Atbumin 10-04 6-74* 


* Expressed on moisture-free protein but not corrected for ash.. 


‘ 
> 
L 
= 


78 Y. V. Sreenivasa Rau 


It is clear from the above that none of the globulins contains any phos- 
phorus. The phosphorus content of the preparations obtained by dialysis, 
dilution (cold) or hot extraction and dilution should therefore be attributed to 
contamination of the globulins with either albumin- or phosphorus-containing 
compounds from the extract by adsorption. Thus, the relatively high 
percentage of phosphorus (0-51) in the preparation obtained by dialysis may 
be traced to greater adsorption of these from the extract with which the 
precipitated protein is in contact for 8-10 days. These observations would 
suggest that the so-called ‘‘ phospho-globulins’’ from vegetable sources 
are largely cases of contamination with phosphorus from other sources. 


It is difficult to explain, at this stage, the abnormally high percentage 
of phosphorus and the low one of nitrogen obtained for the albumin frac- 
tion. A rough computation would indeed show that a large part of phos- 
phorus originally associated with the globulin prepared by dialysis is now 
concentrated in the small quantity of the albumin fraction. Furthermore, 
the nitrogen content of the preparation would suggest that it is not a true 
protein as is usually understood, but is either a degradation product or, 
more probably, a mixture of protein with other organic and inorganic 
substances including a high proportion of phosphates. Further study on the 
mode of association of phosphorus with the albumin fraction is in progress 
and will form the subject of a later communication. 


Summary. 


1. The albumin and the globulin in Lathyrus sativus and the globulin 
in Vicia sativa were prepared by different methods and their properties 
studied. 

2. The globulin in Lathyrus sativus contains more of histidine and less 
of arginine than the corresponding protein from Vicia sativa. The tyrosine 
and tryptophane contents are about the same in all the cases. The albumin 
from Lathyrus sativus is richer in cystine than the other preparations. 

3. Fractionation of the globulins of Vicia sativa by increasing salt 
saturation showed that none of the preparations contained any phosphorus. 
Small quantities of that element present in preparations obtained by the 
usual standard methods of dilution or dialysis, especially the latter, are 
traceable to impurities, adsorbed or otherwise retained by the protein. These 
and the related observations would suggest that the whole question of 
“‘ phospho-globulins ’’ of vegetable origin require careful re-enquiry. 

4. After removal of the globulins (as in 3), a small quantity of a 
fraction (albumin ?) containing 6-7 per cent. of nitrogen and 10 per cent. of 
phosphorus was obtained. The mode of association of phosphorus with 
this preparation is under investigation. 
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In conclusion, the author wishes to express his thanks to Professor 
V.Subrahmanyan for many useful suggestions and keen interest evinced 


in the course of the investigation. 
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CONTRIBUTIONS TO OUR KNOWLEDGE OF THE 
CRANIAL MORPHOLOGY OF SOME RANID GENERA OF 
FROGS.—Part I. 


By I,. S. RAMASWAMI, M.Sc. 
Department of Zoology, University of Mysore, Bangalore. 


Received June 30, 1934. 
(Communicated by Prof. C. R. Narayan Rao, M.A.) 


THE Indian firmisternous Anuran family Ranide comprises a large number 
of genera, the examples of which exhibit a great diversity in life-habits. While 
some are aquatic, others are definitely semi-aquatic ; arboreal and terres- 
trial forms are not uncommon. The body organisation, therefore, is alsd 
adapted to different environmental conditions in which they live. 
For example, the occurrence of well-developed webs in response to aquatic 
life and the presence of pads and expanded digital extremities in the forms 
living at high altitudes are frequently met with. Further, Gadow (1920) 
remarks that ‘“‘In some very aquatic genera the whole tympanic cavity is 
much reduced, for instance in Pelobates, Bombinator, Liopelma. In 
Batrachophrynus not only the cavity, but also the eustachian tubes are 
suppressed.’’ This statement is not universally true, for in some of the purely 
terrestrial forms also, these conditions occur. 


There are nearly eight known genera according to Boulenger (1890) 
occurring in India, viz., Oxyglossus, Rana, Miucrixalus, Nyctibatrachus, 
Nannobatrachus, Nannophrys, Rhacophorus and Txalus. ‘The classification of 
these forms is entirely based by Boulenger (1890) on purely external morpho- 
logical characters and it may be pointed out that some of the diagnostic 
characters on which the systematists base their classification are slender 
and this fact is admitted not only by Boulenger but also by other herpeto- 
logical systematists. Thus, the necessity of a careful investigation of these 
forms with reference to their internal anatomy becomes at once apparent. 
It has been known for a long time that internal characters, »z., thigh muscu- 
lature, vertebral column and pectoral girdle must be taken into account in 
discussing the systematic position of Anura. Similarly, the object of the 
present study based on the microscopic examination of the heads of Anura 
has been to place on record the distinguishing features which may throw 
light on the phylogeny and taxonomy of the group. In considering this 
difficult problem of phylogeny or the inter-relationship of the phylum 
80 
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Amphibia as a whole, we are confronted with complexities in life-histories 
which play not an insignificant part in their ontogeny. The Apodan ovum 
undergoes development till a very late stage within the egg itself ; while some 
of the members of the other two classes Urodela and Anura are considerably 
affected by neoteny. In spite of the changes that are brought about by 
these anormal types of development, it will be extremely interesting to know 
how far the members of the latter class, Anura, are mutually linked with one 
another. An account of the examples of the South Indian firmisternous 
family Engystomatide (Ramaswami, 1932) has already been published and 
it may not be out of place here to examine if these forms claim a close 
relationship with the other firmisternous forms. 


This paper is based upon a thorough investigation of a large number of 
South Indian Anuran forms with special reference to the two genera Rhaco- 
phorus and Philautus. (I have used in this paper the generic name Philautus 
foc Ixalus; and whenever Philautus chalazodes or Ph. oxyrhynchus is 
mentioned it means Ixalus chalazodes or Ixalus oxyrhynchus respectively of 
Boulenger (1890). 


I am treating these two genera together in order to examine the state- 
ment of previous workers like Noble (1925) that both of them show similar 
characters and at the same time to note any definite features exclusively 
characteristic of the one or the other genus of these frogs. This work appears 
all the more necessary in view of the fact that most authors have included 
Philautus under the genus Rhacophorus, a procedure which appears arbi- 
trary. Though in certain respects the characters of these two genera are 
identical still this fact alone will be found inadequate for the merging of the 
genus Philautus with Rhacophorus and M. Smith’s (1930) remark that 
characters may yet be found to retain many examples of Philautus apart 
from Rhacophorus is also borne out by my studies. My object, therefore, is 
to examine the characters of these two genera with a view to discover if 
Philautus could be retained as an independent genus, and if so, how far the 
cranial features lend support to the procedure. At any rate M. Smith (1930) 
in describing the Malayan Amphibia remarks about the classification of 
Philautus thus: ‘‘ Until a proper revision of the whole group is undertaken 
I prefer to retain the two genera as defined by Boulenger.’’ An elucidation 
of this matter is of no little importance to the taxonomist, for it is bound 
to have great bearings on Indian zoogeography. 

Noble (1925) after studying the life-histories of some of the Ranid forms 
remarks that ‘“‘ Rhacophorus has for a long time been recognised as ancestral 
to: several ranid genera. Perhaps the closest of these derived groups is 
Philautus. The life-history of Philautus has been found to agree entirely with 
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that of Rhacophorus. The tadpoles of Philautus are well known to be very 
similar to those of Rhacophorus.’’ Moreover, he mentions that ‘‘no other 
genera except Rhacophorus and Philautus make froth-nests of eggs on land.” 
This statement, specially in regard to the froth-making habits of Philautus, 
does not appear to be true, for in the large collection of adult forms and the 
larva of some species of Philautus, recently made from malnad, shows that 
the tadpoles do not agree with those of Rhacophorus in essential points, ¢.g., 
most of these tadpoles which inhabit hill-streams are provided with enlarged 
lips acting as a float,—a structure resembling very closely that met with 
among the tadpoles of Nyctibatrachus which also inhabit similar situations. 
It is well known that these enlarged lips act as floats or as adhesive organs 
such as we find in Megalophrys montana and Microhyla achatina. The 
habits of froth-making for the reception of eggs is a peculiarity confined 
to Rhacophorus and is not so far known to occur among Indian Philautus 
which follows the usual procedure of depositing the eggs in small clusters 
attached to weeds near the margins of the streams. Occasionally the eggs 
may be left high and dry by the receding water. In the latter case, the 
glutinous binding substance acquires under the influence of heat, a parch- 


ment-like appearance suggesting the crisp outer coat of the nest of Rhaco- 
phorus. 


Studying the larval forms of Rhacophorus, I have noticed that 
the tadpoles of Rh. pleurostictus possess parotoid glands similar to those 
possessed by the tadpoles of Rana curtipes. The histological similarity of 
this structure in these two widely divergent forms was described by me (Ind. 
Sct. Cong., 1930) and it was remarked that this similarity was an excellent 
case of convergence in evolution. In view of the fact that the tadpoles of 
the two genera Rhacophorus pleurostictus and Rana curtipes resemble so 
closely in their external appearance, I have also studied the cranial 
morphology of the latter to note if it shows any resemblance to Rh. 
pleurostictus. I may remark in this connection that the latter differs from 
Rhacophorus and a detailed account of Rana curtipes will be given in a later 
communication. 


While the points of similarity in cranial characters are not very many 
between the genera under investigation, we also note that the morphological 
difference between Rhacophorus and Philautus consists in the possession of 
vomerine teeth in the former and their absence in the latter (see Boulenger, 
1890, pp. 470 & 481). This may not be a very safe and stable criterion of 
enough systematic importance since Boulenger himself is doubtful about the 
existence of vomerine teeth in Rh. dubius. 
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I have selected Rh. maculatus and a fairly adult specimen of Rh. micro- 
tympanum and Ph. petersi, Ph. chalazodes and Ph. oxyrhynchus for my study. 
Specimens of Ph. petersi were kindly sent me by the Director, Raffles 
Museum, Singapore. My thanks are due to him and to the Curator of the 
Herpetological Section, Raffles Museum, for making the specimens available 
for my study. My warmest thanks are also due to Prof. C. R. Narayan Rao 
for direction and guidance and kindly communicating this paper to the 
Indian Academy of Sciences. 

Technique. 

The heads of the specimens were decalcified in a mixture of 70 per cent. 
alcohol and 3 per cent. nitric acid and subsequently graded up in alcohol. 
Sections 10 to 13 microns thick were cut and stained in Mallory’s triple, 
Hemalum-eosin and Picro-indigo-carmine stains. The Picro-indigo-carmine 
stain appears to me to be an indispensable one in the identification of bones. 

Historical. 

As early as 1881, W. K. Parker studied the morphology of the head of 
Anuran examples and has given a comprehensive account of them. But 
by far the most indispensable work in this investigation seems to be that 
of Gaupp (1904) who has described the European form, Rana fusca. Recent- 
ly, however, the South African School of anatomists, headed by Prof. de 
Villiers, has done much work in extending our knowledge of the craniology 
of these little known tetrapods. Firmisternous examples like Arthroleptella 
(de Villiers, 1929), Phrynomerus (de Villiers, 1930a), Hemisus (de Villiers, 
1931), Anhydrophryne (de Villiers, 193la), Breviceps (de Villiers, 19310), 
Cacosternum (de Villiers, 1931c), and the Aglossal Anura (de Villiers, 1932), 
and Breviceps and Probreviceps (de Villiers, 1933), Heleophryne (?) (C.A. du 
Toit, 1930), Rana grayi (C.A. du Toit, 1933) and Phrynobatrachus (G. P. du Toit, 
1933) have been worked out by the South African School. Similar contribu- 
tions on the South Indian Engystomatid Anura (Ramaswami, 1932) and 
the extra-peninsular genus Glyphoglossus (Ramaswami, 1932a) have been 
made. Bhatia and Prashad (1918) and Miss Proctor (1919) have described 
the skulls of Rana tigrina and Rana subsigillata respectively, but they have 
not studied the fornis by the method of sectioning. Okada’s paper (1931) 
also gives us some osteological information about the Japanese Anuran forms. 

; The Olfactory Region. 

The narial region of the two species of Rhacophorus (Rh. maculatus 
and Rh. microtympanum) and the three species of Philautus (Ph. petersi, 
Ph. chalazodes and Ph. oxyrhynchus) does not show many variations. Both 
the prenasal cartilages, cartilago prenasalis superior and cartilago prena- 
salis inferior, are present. In both the genera the superior nasal cartilage 
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is attached to the cartilago alaris in the anterior region of the nasal capsule. 
This type of attachment is considered abnormal by de Villiers (1930). But, 
in the majority of examples studied by him and his students, such a condi- 
tion exists and it is only in Breviceps (de Villiers, 19316) that the superior 
cartilage is articulated indirectly with the alary cartilage by connective tissue. 

The lamina superior, the lamina inferior and the cartilago obliqua are 
normal in their topographical relationships and resemble the descriptions 
given for Rana grayi (C. A. du Toit, 1933). The plica obliqua, on the other 
hand, takes its origin differently. In the two species of Rhacophorus it 
depends from the cartilago obliqua while in all the three species of Philautus 
it is suspended from the tectum. The Gauppian wulst is single in all the 
forms examined ; a large one is found in Rh. maculatus and a proportionately 
small one in all the three species of Philautus and in Rh. microtympanum. The 
recessus sacciformis, which can be described as a cavity ‘‘ which on the one 
hand communicates with the vestibulum and on the other hand with the 
infundibulum and the cavum medium where these two latter cavities 
communicate with each other’’, is not present in the examples studied by 
me. It is also not noticed in the typical condition described above in the 
South African forms that have been investigated. 

The eminentia olfactoria (see Figs. 2, 2a and 20), in all the species of the 
two genera examined by me is flat like most Ranid examples. In forms 
that have become adapted more to a terrestrial life this eminentia shows an 
elevated cartilage [see Bufo (Schoonees, 1930), Phrynomerus (de Villiers, 
1930a), Breviceps (de Villiers, 1931b), the South Indian Engystomatide 


(Ramaswami, 1932) and Glyphoglossus (Ramaswami, 1932a)|, surmounted 
by the sensory epithelium. 


The choanal opening may or may not pierce the vomer (prevomer). In 
Philautus chalazodes and Ph. oxyrhynchus and in the two species of Rhaco- 
phorus the choana pierces through the vomer (prevomer) while in Philautus 
petersi it does not. The occurrence of this intranasal prolongation of the 
vomer (prevomer) is also noticed in one of the South Indian Engystomatid 
examples, Microhyla, and in a large number of foreign forms [see Phryno- 
batrachus (G. P. du Toit, 1933) and Phrynomerus (de Villiers, 1930a)]}. 

The next important organ that deserves mention is the prechoanal sac. 
This sac described in Phrynomerus (de Villiers, 1930a), the South Indian 
Engystomatid examples, Kaloula, Microhyla and Cacopus (Ramaswami, 
1932) and Rana grayi (C. A. du Toit, 1933) is also present in 
Rhacophorus maculatus only. ‘The sac, however, is absent from Rh. 
microtympanum and the three species of Philautus. It is noteworthy that 
the sac, whose exact significance and function are not yet discovered, should 
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be present in the South African Ranid species, Rana grayi, while in South 
Indian Ranidz examined by me, viz., Rana breviceps and Rana curtipes, the 
sac is wanting. In the Brevicipitid examples like Phrynomerus (de Villiers, 
1930a), Kaloula and Microhyla (Ramaswami, 1932) it is observed that a pair 
of prochoanal sacs receives the cavum inferius before the latter ultimately 
opens into the buccal cavity by means of the choanze. Now, the prechoanal 
sacs in these examples have been compared with the buccal division of the 
organ of Jacobson (de Villiers, 1930a; Ramaswami, 1932). In the larval 
forms of both Phrynomerus and Cacopus the cavum inferius opens into a 
single prechoanal sac; in the adult Phrynomerus, on the other hand, the 
nasal cavity opens into a pair of prechoanal sacs, while in the adult Cacopus 
there is only a vestigial sac, the choana opening independently. At present 
I am unable to say if the prechoanal sac appears as a larval feature in the 
tadpoles of the Ranid genera under discussion and I propose to give an 
account of this in the second part of my paper. 
Membrane Bones of the Narial Region. 


The investing bones, namely, the premaxilla, maxilla, nasal, vomer 
(prevomer), and palatine are all normally disposed. As in the majority of 
Ranid forms, the lateral squame of the premaxilla is longer than the median 
one. The maxilla is dentigerous in all the forms. The lateral extension 
of the nasal bone overlies the processus frontalis of the maxilla in Ph. petersi 
only ; in the other examples thisfeature is, however, absent. The vomer 
(prevomer of Broom) is large in size in Rh. maculatus and is small in all the 
other species ; and the bone is dentigerous only in Rh. maculatus, Ph. chala- 
zodes and Ph. oxyrhynchus. In Ph. petersi and Rh. microtympanum the vomer 
(prevomer) is small and edentulous and in the former examples it disappears 
from the sections pari passu with the closing up of the choane. Now, the 
presence of the vomerine teeth in Ph. chalazodes and Ph. oxyrhynchus throws 
doubt upon the propriety of their inclusion under the genus “ Ixalus’’ of 
Boulenger (1890). It has already been remarked that the differentiation of the 
genera of Rhacophorus and Philautus consists in the possession of vomerine 
teeth in the former and their absence in the latter. But these two examples, 
Ph. chalazodes and Ph. oxyrhynchus show definitely in sections the presence 
of acrodont dentition. Therefore, the absence of teeth in Rh. microtympanum 
and the presence of the same in the two species of Philautus should not be 
lost sight of in discussing their position among the Ranide, though modern 
batrachologists ignore the classificatory importance of teeth. The palatine 
bone appears as a ventral investment of the antorbital cartilage in both 
genera. In Philawutus the bone is comparatively larger than what is seen in 
Rhacophorus. 
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The septomaxillary is disposed in a manner similar to the descriptions 
given for Rana grayi (C. A. du Toit, 1933), except for minor variations which 
may be briefly enumerated as follows. In all the forms the septomaxillary 
makes its appearance as a single investment between the dorsal extension 
of the lamina inferior and the lamina superior. In posterior sections where 
the infundibulum communicates with the cavum medium the ossification is 
noticed in two regions in Ph. petersi and Rh. maculatus, while in Rh. micro- 
tympanum and Ph. chalazodes and Ph. oxyrhynchus it appears in three regions. 
In the latter examples, the lateral limb of the bone is seen investing the dorsal 
extension of the lamina inferior, a second investment on the lamina inferior 
and the third or the median on the lamina superior. Thus, in Rh. microtym- 
panum and the abovementioned two species of Philautus alone, the 
septomaxillary is triradiate in the posterior regions. In the two other 
specimens, Rh. maculatus and Ph. petersi, only the lateral and median limbs 
of the bone exist. Usually the median arm of the bone is longer than the 
lateral. 

The Sphenethmoid Region. 


The bone that occurs in this region has been designated by a large 
number of names, though the term ‘Sphenethmoid’ has been employed in 
' modern text-books on comparative anatomy (Goodrich, 1930). I have all 
the same retained the terminology os en ceinture (Cuvier) to represent this 
bone, thereby following the nomenclature employed by modern craniologists. 

The first traces of the os en ceinture appear in Ph. petersi as ossification 
in the septum nasi in the region of the choana. This ossification also extends 
to the solum nasi and it is only in the extremities of the solum that the carti- 
lage is present, where it is invested by the vomer (prevomer). Posteriorly 
the girdle-shaped bone extends to the sides of the cranium also. This type 
of complete ossification of the sphenethmoid region is true not only of Ph. 
petersi but also of Ph. oxyrhynchus and Rh. maculatus. On the other hand, 
in Ph. chalazodes and Rh. microtympanum the nasal septum is cartilaginous 
and the os en ceinture appears as an extremely thin investment of the 
cartilaginous cranium in this region. An inspection of the figures drawn in 
almost identical regions shows that the os en ceinture is a girdle-shaped bone 
in Ph. petersi, Ph. oxyrhynchus and Rh. maculatus and not separated into a 
right and left halves by a median cartilage as in some Brevicipitid and Ranid 
examples (Ramaswami, 1932; and de Villiers, 1931). In the descriptions 
of the skull bones of Rana tigrina (Bhatia and Prashad, 1918; and Rao, C. R. 
Narayan, 1920) it is not mentioned whether the os en ceinture is really double 
(the right and left bony halves being united by a median cartilage) or a girdle- 
shaped osseous one. In the second part of my paper I propose to deal with 


mite 

E 


Cranial Morphology of Some Ranid Genera of Frogs 87 


some of these Ranid species exhaustively. Dorsally to the os en ceinture, the 
frontoparietals make their appearance with indentations anteriorly. Such 
indentations have also been described in some Ranid examples (Parker, 1881 ; 
and C. A. du Toit, 1933). In Ph. petersi the frontoparietals are peculiarly 
disposed. In the anterior region the medial suture of these two large invest- 
ing bones is strengthened by an underlying calcified cartilage ; in the posterior 
sections the frontoparietal of one side is in continuity mesially with the other 
possessing large narrow cavities in the median part (see Fig. 8). For all 
external appearances this single and extensive frontoparietal looks as if 
divided into a right and left half by a deep longitudinal cleft. But at this 
region the brain in fact is covered over by alarge flat piece of covering bone, 
the frontoparietal, with only an apparent division into two. A similar occur- 
rence has been described in Hemisus (de Villiers, 1931) and Hymenochirus 
(de Villiers, 1932). In all the other examples the frontoparietals are normal. 


The ‘ Mundwinkeldrise’ (Bursa angularis Oris of Fuchs).—The occurrence 
of the maxillary gland has been reported in Anhydrophryne (de Villiers, 1931a), 
Probreviceps (de Villiers, 1933) and South African Ranidse and by Fuchs 
(1931) in some examples of Reptiles and Anura. The latter author goes to the 
extent of comparing the gland in Anura with the ‘‘ Tonsillen des Menschen ”’ 
(Fuchs, 1931, p. 141). I have described these glands in some examples 
of Engystomatide and Rhacophorus maculatus (Ramaswami, 1933). It was 
reported at the time that the genus Philautus did not possess this gland. This 
statement needs a little modification since the three species that I have 
investigated show the presence of this gland. I am, therefore, studying 
all the species to re-examine the above statement. The gland appears in 
between the maxilla and the pterygoid and opens into the buccal cavity by 
a duct. The histology of these glands in Philautus is identical with that 
already described in other forms. Drawings of the glands in all the forms 
described are reproduced. 

Otic Region. 

The otic region of the genus Rhacophorus differs from that of Philautus. 
There is a gradual increase in the ossification in the ear region of the members 
of these two genera examined. Rhacophorus shows minimum ossification while 
the two South Indian species of Philautus stand midway and Philautus 
petersi is the other limit where ossification is at its maximum. 

The foramen opticum which gives exit to the second cranial nerve is 
surrounded by connective tissue in all the species of Rhacophorus and Philautus 
that I have studied. In this region I have noticed that the fronto-parietals 
are strengthened mesially by a triangular piece of cartilage which may be 
calcified, In Rh, maculatus, Ph, chalazodes and Ph, oxyrhynchus such a 
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cartilage exists in the simple condition described above. In Rhacophorus 
microtympanum there is no such cartilage; in Ph. petersi the underlying 
cartilage is calcified, which unites the two frontoparietals. In posterior 
sections this calcilied cartilage assumes a horse-shoe shape and lines the 
internal surface of the frontoparietal and the sides of the cranium. 


The paraquadrate (squamosal of palzontologists) makes its appearance 
in all the forms under discussion, dorsally to the annulus tympanicus and 
it is noticed that the transitional cartilage unites with the crista parotica. 
In a few sections posteriorly the pterygoid unites with the crista by the 
processus basalis. The processus basalis, however, gives rise to the anterior 
horn which in Rhacophorus maculatus gently fuses with the otic capsule (see 
Fig. 5). In Rh. microtympanum, Ph. peterst, Ph. chalazodes and Ph. oxyrhynchus 
it is noticed that the anterior horn only articulates with the cranium but does 
not fuse and thus gives attachment to the palatoquadrate. It is known that 
the palatoquadrate in Anura acquires a double connection with the cranium, 
viz., one by the fusion of the processus oticus with the crista and the second 
by the articulation or the fusion of the basal process with the otic capsule- 
In the forms I am now reporting upon, it is noticed that a small processus 
oticus is present and the first attachment is by the fusion of the so-called 
transitional cartilage with the cristal cartilage and the second one is either 
by articulation (Rh. microtympanum and all the three species of Philautus) 
or by fusion of the basal cartilage with the otic capsule (Rh. maculatus). 


The middle ear and the eustachian passage are typically Ranid in type. 
It is only Ph. peterst that shows a little variation. An inspection of the 
comparative figures drawn of RA. maculatus, Rh. microtympanum, Ph. petersi, 
and Ph. chalazodes will at once reveal that the topographical disposition of the 
bones vary. In Rh. maculatus, Rh. microtympanum, Ph. chalazodes and 
Ph. oxyrhynchus the middle ear opens into a large chamber (see Rana grayi, 
C. A. du Toit, 1933) passing between the two limbs of the paraquadrate 
and posteriorly this chamber opens by the eustachian passage into the 
buccal cavity. In Ph. petersi the arrangement is slightly different. Fig. 8 
shows the disposition of the bones in the region of the foramen prooti- 
cum where the pterygoid, the quadratomaxillary and the angular 
(=dermarticulare) are seen. In a posterior section (Fig. 8a) the pterygoid 
invests not only the processus pterygoideus but also the processus basalis. 
After the disappearance of the foramen prooticum the basal process arti- 
culates with the ventral cartilaginous extension of the bony otic capsule ; 
the quadratomaxillary unites with the processus quadratus (see Fig. 8b) and 
posteriorly the processus quadratus and the processus pterygoideus unite 
into one. The quadratomaxillary does not unite with the paraquadrate as 
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in one specimen of Rana grayi (C. A. du Toit, 1933). In this specimen the 
quadratomaxillary unites anteriorly with the paraquadrate and posteriorly 
with the processus quadratus where the paraquadrate and pterygoid 
invest the said process. On the other hand, in Ph. petersi the quadrato- 
maxillary first invades the processus quadratus and in posterior sections the 
bone is separated from the paraquadrate by connective tissue. 


The middle ear in Ph. petersi gains access to the buccal cavity by 
the eustachian passage as shown in Fig. 9. The series of figures 
9 to 9c drawn shows that the middle ear opens into the mouth almost directly 
without receiving any additional chamber as in the two species of Rhaco- 
phorus and Philautus chalazodes and Ph. oxyrhynchus described. 


The suspensorial region of the other examples investigated may be 
briefly narrated here. The arrangement of the bones and the cartilages 
of this region in Ph. chalazodes and Rh. microtympanum is similar to what 
has been described for Rana grayi (C. A. du Toit, 1933). In Ph. oxyrhynchus 
the disposition of the quadrate cartilage is different. The processus quad- 
ratus is invested by the pterygoid and the paraquadrate. In tracing the 
sections posteriorly the ventral aspect of the quadrate cartilage shows 
ossification (see Figs. 10a and 106) and the quadratomaxillary unites with this 
ossification. Tracing thesections still more posteriorly it is noticed that the 
entire quadrate cartilage is replaced by bone. After the disappearance of 
the quadratomaxillary from the sections the paraquadrate and pterygoid 
persist as investing bones of the osseous pars quadrata. It is interesting to note 
that the pars quadrata is enchondrally ossified in only few Anuran examples 
known, while in the majority of cases it remains as a cartilage. In 
Arthroleptella (de Villiers, 1929), Phrynomerus (de Villiers, 1930a), 
Anhydrophryne (de Villiers, 1931a), Cacosternum (de Villiers, 1931c), 
Heleophryne (C. A. du Toit, 1930), Phyrnobatrachus (G. P. du Toit, 1933) and 
the South Indian Engystomatide which I have closely examined, the pars 
quadrata is invaded only by the quadratomaxillary and is invested by the 
pterygoid and the paraquadrate. In Hemisus (de Villiers, 1931) on account 
of the absence of the quadratomaxillary, the two investing bones—the para- 
quadrate and the pterygoid—fuse together, an unique feature noticed among 
the Anura. 

The Sound Conducting Apparatus. 


The sound conducting apparatus in Anura consists of the plectrum, 
distinguishable into three parts; a cartilaginous pars externa embedded 
in the tympanic membrane (which in the Brevicipitide enlarges into a 
cartilage called the ‘‘ extra-plectral’’); a middle bony piece—the pars 
media and an inner cartilaginous pars interna plectri. In some Anuran 
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examples the pars externa is attached with the crista parotica by a 
commissural cartilage. In Kaloula (Ramaswami, 1932) there is a cartilaginous 
connection between the annulus tympanicus and the crista. In the forms 
under notice, it is observed that the pars externa is embedded 
in the externally visible tympanic membrane. Further, the pars externa 
is connected with the crista by only a connective tissue bridge and therefore 
a typical pars ascendens plectri is absent from all these forms. The disposi- 
tion of the pars media varies in these forms. In Rh. maculatus and the three 
species of Philautus the pars media is horizontally placed by which, I mean, 
that the pars externa can be seen in sections, being attached to the lower 
lip of the otic capsule by a horizontal bony bar,—the pars media. In Rh. 
microtympanum, on the other hand, the pars media is placed slantingly so 
that in sections we are able to see only a circular osseous ring. 


The otic ossification in the forms under discussion needs special mention. 
At the region of the foramen prooticum the entire otic capsule is bony in the 
case of Ph. petersi and Ph. oxyrhynchus. In the latter species of Philautus 
a median cartilage instead of supporting the fronto-parietals actually unites 
them. In both these species the fronto-parietals are united on either 
side with the prootic bone. Posterior to the prootic foramen the septum 
separating the brain cavity and the cavity of the ear is bony. In the 
other three examples Rhacophorus microtympanum, Rh. wmaculatus and 
Ph. chalazodes the prootic bone is developed to a lesser degree. At the 
region of the foramen prooticum, the prootic is seen as a patch of ossifica- 
tion on the ventral side of the otic capsule while the dorsal part of the latter 
is cartilaginous. In the region posterior to this foramen, the cranium is 
cartilaginous except for the otic ossification. The septum separating the 
brain and the ear cavity is cartilaginous in all these three examples ; but, 
however, it becomes bony posteriorly in Rh. maculatus. 

In all the forms examined by me there are two acustic foramina. In 
Ph. oxyrhynchus, Ph. chalazodes and Ph. petersi both the foramina are 
surrounded by bone, while in the remaining examples it is the posterior that 
is encircled by bone. The operculum is crescentic with a very small lateral 
knob for the attachment of the opercular muscle. The operculum depends 
from the upper lip of the foramen ovalis in Ph. oxvrhynchus, Rh. maculatus 
and Rh. microtympanum. On the other hand, in Ph. chalazodes and Ph. petersi 
it is attached to the upper lip by connective tissue. 

In the two forms, Ph. petersi and Ph. oxyrhynchus where the otic 
ossifications are very pronounced the exact configuration and extension of 
the exoccipital bones cannot be easily made out. In the other examples the 
disposition of this bone is as described for Rana, 
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The Tongue. 

The structure of the tongue is used by Boulenger (1890, p. 481) as a 
diagnostic feature in splitting the genus Philautus into two broad divisions 
and all the species are included either under the one or the other of these two 
sub-divisions. Ph. chalazodes belongs to the sub-division in which the tongue 
possesses a “free, pointed papilla in the anterior part of the median line”’ 
and Philautus oxyrhynchus is included under the group where the tongue 
is devoid of a “‘ conical papilla ’’. 

From a study of the external appearances of the tongue this bifurcation 
into two groups hased on the presence or the absence of the papilla, is correct. 
But a microscopic examination of the tongue in the three species of Philautus 
reveals that the abovementioned papilla is seen in Ph. chalazodes and Ph. 
oxyrhynchus and is absent from Ph. petersi. Such a papilla is, however, 
absent from the tongue of the genus Rhacophorus. The histology of the 
papilla will be described in a later communication. 


Résumé. 

I shall now proceed to give below a résumé of the salient features in the 

cranial morphology of the forms described above: 

(1) Both the prenasal cartilages are present. 

(2) The plica obliqua depends from the tectum in the genus Philautus 
and from the cartilago obliqua in the genus Rhacophorus. 

(3). The Gauppian wulst is single in all the forms. 

(4) The recessus sacciformis is absent from all the forms. 

(5) The prechoanal sac is present in Rh. maculatus only. 

(6) The vomer is dentigerous in Rh. maculatus, Ph. chalazodes and 
Ph. oxyrhynchus and edentulous in Ph. petersi and Rh. micro- 
tympanum. 

(7) The nasal bone overlies the maxilla in Ph. petersi alone. 

(8) ‘he eminentia olfactoria is flat in all the forms. 

(9) The os en ceinture is completely bony in Ph. peterst, Ph. oxyrhyn- 
chus and Rh. maculatus and is only feebly formed in PA. 
chalazodes and Rh. microtvmpanum. 

(10) The frontoparietals are united mesially in Ph. petersi and in this 
and also in Ph. oxvrhynchus the frontoparietals are united with 
the otic bone. 

(11) The occurrence of the ‘ mundwinkeldriise’ is noted in all the 
forms. 


(12) The optic foramen is surrounded by connective tissue in all the 
forms, 
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(13) The processus oticus is present in all the forms except Ph. petersi. 

(14) The paraquadrate and the quadratomaxillary do not unite; in 
Ph. petersi after the processus quadratus is invaded by the 
quadratomaxillary and is invested by the paraquadrate and 
pterygoid, the eustachian tube makes its appearance. In the 
other forms it is as in Rana. 

(15) The processus quadratus becomes osseous in Ph. oxyrhynchus 
only. 

(16) The columella is horizontal in all the forms except Rh. micro- 
tympanum. 

(17) A pars ascendens plectri is absent and in its place there is a 
connective tissue commissure. 

(18) The delimitations of prootic, frontoparietal and exoccipital bones 
are not clearly seen in Ph. petersi. In Ph. oxyrhynchus the 
prootic and frontoparietals are united. 

(19) There are two acustic foramina in all the forms. Both the 
foramina are bounded by bone in Ph. oxyrhynchus, Ph. chala- 
zodes and Ph. petersi, while in Rh. maculatus and Rh. micro- 
tympanum it is the posterior that is bounded by bone. 

(20) The operculum depends from the upper lip in Ph. oxyrhynchus, 
Ph. maculatus and Rh. microtympanum. 

(21) The conical papilla is noticed on the tongue in Ph. chalazodes and 
Ph. oxyrhynchus. 


After a perusal of the characters enumerated in the résumé it ‘will be 
noticed that Rhacophorus and Philautus agree with each other in minor points 
which are referred to in items 1, 3, 4, 8, 11, 12 and 17. It is, therefore, 
expedient at the present state of our knowledge to treat Rhacophorus and 
Philautus as two independent genera and not merge Philautus with Rhaco- 
phorus. Now, as regards the genus Philautus, I shall not venture to discuss 
the inter-relationships of the several species, for the foreign form Ph. petersi 
seems to show extreme specialisation in cephalic characters mentioned in 
items 9, 10, 13 and 18. The other South Indian and also some of the 
foreign forms of Philautus are receiving my attention and in a future com- 
munication I shall set forth the results of my investigation. 
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EXPLANATION OF FIGURES. 
Fic. 1.—Transverse Section of Ra. maculatus in the region of the pre-choanal sac. 


Fics. 2, 2a & 2b.—Transverse Section of Rh. maculatus, Ph. chalazodes and Ph. 
oxyrhynchus respectively, showing vomerine teeth. 


Fias. 3, 3a, 3b, 3c, 3d & 3e.—Transverse Section of Ri. microtympanum, Rh. maculatus, 


(3a, anterior and 3), slightly posterior), Pa. pelersi, Ph. oxyrhynchus and 
Ph. chalazodes respectively showing the os en ceinture. 


Fias. 4, 4a, 4b, 4c & 4d.—Drawing of the Transverse Section of the mundwinkeldriise 
of Rh. maculatus (x60), Rh. microtympanum (x95), Ph. petersi (x72), 
Ph. chalazodes (x72), and Ph. oxyrhynchus (x50), respectively. 


Fie. 5.—Transverse Section showing the middle ear and processus basalis, 
Rh. maculatus. 


in 
Fics. 6, 6a & 6b.—Transverse Sections in the middle ear region of Rh. microtympanum. 
Fic. 7.—Transverse Section of Ph. chalazodes in the region of the middle ear. 

Fies. 8, 8a & 8b.—-Suspensorial Region of Ph. petersi. 

Fies. 9, 9a, 9b & 9c.—Transverse Section of Ph. petersi in the otic region. 

Fias. 10, 10a & 10b.—Suspensorial region of Ph. oxyrhynchus. 


Fias. 11, lla, 11b, lle & 11d.—Transverse Section of Ph. petersi, Ph. oxyrhynchus, 


Ph. chalazodes, Rh. microtympanum and Rh. maculatus respectively, showing 
the pro-otic bone. 


Fias. 12, 12a & 12b.—Series of Transverse Sections of the tongue of Ph. oxyrhynchus, 
showing the papilla. The papilla, free from the tongue, is drawn in 12b. 


KEY TO LETTERING. 


A.t. -. Annulus tympanicus. P.C.S. -. Pre-choanal Sac. 

B.V. -» Blood Vessel. p.e.pl. .. Pars externa plectri. 

C. Crista. Pm, Pre-maxilla. 

C.c. Cuticular coat. P.o. Prootic bone. 

D. Dermarticulare. Psat. Processus oticus. 

E.P. -» Eustachian Passage. P.Pt. -- Processus Pterygoideus, 

Fo. .. Fenestra ovalis. Ps. -» Parasphenoid. 

G. Ganglion pro-oticum. p.m.pl. Pars media plectri. 

Hy. -. Anterior cornu of the Q. +» Quadrate cartilage. 
hyoid. Q’. -. Ossified Quadrate carti- 

L.S. +» Lymph Sac. lage. 

Maxilla. QM. +» Quadratomaxillary. 

Mad. +» Mundwinkeldriise. So.N. .. Solum Nasi. 

M.E. Middle Ear. S.N. Septum Nasi. 

m, -» Muscle. Tectum Nasi. 

0.C. +» Otic Capsule. U.B. -.- Union of Processus basalis 

0.E.C. Osenceinture. with otic capsule. 

Pt. .. Pterygoid. V. Vomer. 

Pa -» Paraquadrate. V.t. -. Vomerine teeth. 


P.Bas. +» Processus basalis. V.C.L. -. Vena capitis lateralis. 
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MORPHOLOGY AND SCHIZOGONIC CYCLE OF 
HAZEMOPROTEUS RAYMUNDI N.SP., PARASITE OF 
LEPTOCOMA ZEYLANICA (LIN.). 


By Cox, I. FROILANO DE MELLO (Nova Goa) AND MacarRIOo RAIMUNDO. 


Received June 30, 1934. 


THE bird Lebtocoma Zeylanica (Lin.) harbours an interesting Heemoproteid, 
not yet described in Protozoological literature. It was studied in blood 
smears stained by Romanowsky (Leishman’s, May-Grunwald-Giemsa stains) 
and in sections of organs fixed in Formol, Formol-Muller and Bouin and 


stained either by ‘Romanowsky or by Mayer’s Hemalum or Heidenhain’s 
iron hematoxylin. 


Study in Blood Smears. 


In blood, the red corpuscles are parasitised by haltheride or reniform 
gametocytes. When young, they do not alter the form and the constitu- 
tion of the erythrocyte, but when grown up, important modifications are 
noticed in the red corpuscle : it is hypertrophied, decolourised and sometimes 
reduced to a thin border around the parasite ; its nucleus is dislocated to 
the periphery and finally disappears. 

As in other specimens of this genus, the gametocytes show a distinct 
sexual dimorphism: the female gametocytes are stained deep blue, their 
protoplasm is finely vacuolated, the nucleus elliptical, situated in one of the 
poles and the granules of pigment are deep brown, slightly larger than those 
in the male and irregularly scattered over the whole surface of the parasite. 
Male gametocytes are stained very light blue, sometimes colourless, the pig- 
ment granules are thinner, situated at one or at both poles and taking, when 
placed in the middle of the parasite, a linear disposition. This distribution 
of pigment is not, however, remarkably uniform as in H. Columba and it is not 
rare to find grown-up forms without any pigment at all or others where the 
distribution of pigment defies every description. 

The nucleus of the male gametocyte is entirely different from that of 
the female; it is granular, the granules forming long lines occupying nearly 
the whole length of the parasite or collected in masses, sometimes giving the 
impression of a rudimentary spireme. 

The haltherides which become extracellular and free in the plasma 
show a tendency to become oval in the case of the female gametocytes. The 
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male ones are rather roundish, their chromatin at first condensed in one thick 
mass, suffers shortly a division, probably predecessory to exflagellation. We 
have been able to count four and eight chromatic granules, some of them giving 
origin to evident flagella which we interpret as mature male gametes. 

Some other curious forms whose interpretation is very difficult have been 
found in blood. For example, female gametocytes divided into two parts, 
the one containing the nucleus, the other without. Such disposition, de- 
scribed also by me some years ago, in the Hamoproteus of Copsychus saularis 
suggests the division of this gametocyte into two parts, one fertile and the 
other not. Will it represent some stage of sexual maturity ? Will it concern 
some stage of a further parthenogenesis ? This hypothesis is highly probable 


as we find some rare female parasites provided with two unquestionable 
nuclei. 


infected 


Measurements. 


Red cell parasitised 7; = ; 7 microns. 


Gametocytes (haltherides), fully grown up + ; q ; 2 microns. 
Oc 2. Obj. 1/12. 

We have also found rarely, schizonts in blood smears. But as the birds 
have been shot, one cannot say if the blood was peripheral or from some 
central organ. 

Study in Sections of Organs. 

The lungs have shown: (a) frequently red corpuscles with schizonts ; 
(b) many free parasites, uni- or multi-nucleated (we have about 11 chromatic 
granules), which we interpret as free trophozoites giving afterwards true 
rosettes, future merozoites or schizonts. 

We have very attentively studied the sections to find out the intra- 
cellular endothelial stage described by Beaurepaire Aragao in the schizogonic 
cycle of H. Columba, giving numberless smal! merozoites. We can definitely 
state that such a stage is not found in H. Raymundi where the merozoites 
remain free among the red corpuscles or in the interstitial spaces of the cellular 
troma, but never in the protoplasm of an endothelial cell or of a white 
mononuclear leucocyte. 
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Sections of the spleen have also shown schizonts in the red corpuscles 

and free merozoites among them. 
Conclusion. 

Leptocoma Zeylanica (I,in.) is parasitised by a Hemoproteus 
which we consider a new species and name H. Raymundi. ‘The interest lies 
in its particularly simple schizogonic cycle. Merozoites arise as a result of 
the nuclear division of free trophozoites and the former remain free among 
the cells of the host tissue. They finally attack the red blood corpuscles as 
schizonts. In spite of careful research, we have been unable to detect an 
intracellular stage at any phase of the schizogonic cycle. 
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Male gametocytes. 
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Exflagellation. 
. 
Merozoites invading the red cells. ° 
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Schizogony. Free trophozoites in the 
4 A lung showing multiple division. 


Free trophozoites in a section of the 
lung among red cells. 
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Female Gametocytes. 


a y Extracellular merozoites in lung. 


Extracellular merozoites 
found in lung and also in spleen. 
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DILATOMETRIC STUDIES IN THE ENZYMIC 
HYDROLYSIS OF POLYSACCHARIDES. 
Part Il. Hydrolysis of Starch by Malt Diastase. 


By H. B. SREERANGACHAR, M.Sc., A.I.I.S8c., 
AND 
M. SREENIVASAYA, B.A., F.I.I.Sc. 
Department of Biochemistry, Indian Institute of Science, Bangalore. 


Received June 30, 1934. 


IN our previous studies (1933) starch was subjected to the action of 
various amylases in the dilatometer and the total contraction in volume 
measured. Since the molecular weight of starch is yet uncertain, the 
contraction constant was calculated from this value on the basis of 100 g. of 
substrate, assuming the ideal condition that the substrate is completely 
hydrolysed. In view of the fact that the hydrolysis does not proceed to 
completion (1923, 1932), it is more appropriate to calculate the constant 
on the basis of the sugar released, the total concentration of which at a given 
moment, is proportional to the degree of hydrolysis. Further, in our previous 
work, the kinetics of the system was not followed and values for the dilato- 
metric depression per millimol release of sugar, could not, therefore, be 
calculated. 


The present communication relates to a dilatometric study of the 
hydrolysis of starch by malt diastase employing the same experimental 
procedure described previously in one of our earlier papers (1932). 


Experimental. 


Iintner’s soluble starch and Merck’s preparation of malt diastase were 
the materials employed. For the preparation of starch solution the 
requisite amount of starch was peptised in half the amount of distilled water 
and the resulting solution after cooling, made up to volume by the addition 
of an equal volume of buffer. A 1-0 per cent. concentration of the enzyme was 
prepared in the buffer solution. For each experiment 50 c.c. of the substrate 
and 5 c.c. of the enzyme solution were employed for the dilatometer. The 
reaction was simultaneously carried out in a separate flask, from which 
aliquots of the mixture were drawn out at different intervals of time for a 
determination of the reducing sugars. The reactions were carried out at 
30° C. and pH 5-3 was maintained by Sorensen’s phosphate buffer. Four 
different concentrations of the substrate (2, 1-33, 1-0 and 0-05 per cents.) 
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have been employed and the sugar released during the course of the 
hydrolysis estimated by Willstatter’s method (1918), and _ calculated 
as maltose. In the case of 2 per cent. concentration of starch, the kinetics 
of the reaction has also been followed by determining the optical rotation of 
the reaction mixture at different intervals of time in a 100 mm. tube at 30°C. 
For this purpose, an aliquot of the reaction mixture is pipetted out and 
alkali added in order to arrest the enzyme action as well as muta rotation. 


The experimental values of the dilatometer, the maltose released, and 
the fall in rotation at different intervals of time with the progress of hydro- 
lysis have been graphically represented in Figs. 1, 2 and 3, respectively. 


TABLE I. 


Dilatometric Depression in mm.° per millimol release of maltose. 


Time in mins. 
Substrate 
concentration 

per cent. 20 30 40 60 90 120 180 
2-00 3-9 4-0 4-0 3-8 3-8 3-8 3°7 
1-33 3°9 4-0 3-9 4-0 3-9 3-9 3-8 
1-00 4-0 3-9 3-8 
0:50 3°8 3°8 3-8 3°8 3°8 3-8 

TABLE II. 


Dilatometric Depression in mm.® per degree change in rotation. 


‘Time in | 20 | 30 | 10 | 60 | 90 | 120 | 180 
6-2 6-8 6-8 | | 


Table I gives the values for dilatometric depression per millimol release 
of maltose (calculated from values derived from the graph), at different 
stages of the reaction and these values are graphically represented in Fig. 4. 
The relation hetween rotation and depression is given in Table II and graphi- 
cally represented in Fig. 5. 

Discussion. 


A careful study of graphs and tables shows that the kinetics of starch 
hydrolysis can be followed in the dilatometer, and that there is a linear 
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relationship between the dilatometric fall and the maltose released at all the 
concentrations studied. As is clear from the graphs, the concentration of 
the enzyme has been too high to permit a study of the interesting initial 
changes which, among other factors, involve a disturbance in the water 
balance of the reacting system. A study of starch hydrolysis from this 
point of view will be taken up on a future occasion. 


Table II and Fig. 5 show that there exists a definite proportionality 
between the dilatometric depression and fall in rotation. Per - millimol 
release of maltose, the average dilatometric depression is 3-9 and the dilato- 
metric fall per degree change in rotation during the hydrolysis of starch is 
6-8 mm.3 It would be of interest to determine the corresponding data for 
allied systems where other diastases like Taka, Pancreatic, Liver and Salivary 
are employed. Experiments in this direction are in progress. 


400 
= 
E 200 
: 
4 
val 


Hydrolysis of Polysaccharides 105 


Summary. 


A dilatometric study of the enzymic hydrolysis of soluble starch by malt 
diastase has been’conducted employing four different concentrations of the 
substrate. It has been shown that the kinetics of the reaction can be 
conveniently followed in the dilatometer. 


2.. The dilatometric depression is shown to be proportional to the 
corresponding release of maltose on the one hand, and the fall in rotation 
on the other. 


3. The dilatometric depression per millimol release of maltose is 3-9 
mm.° while the depression per degree fall in rotation is 6-8 mm.? A deter- 
mination of these data is being extended to other allied systems with a view 
to understand their significance. ; 
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INVESTIGATIONS ON THE ROLE OF ORGANIC 
MATTER IN PLANT NUTRITION. 
Part II. Oxidising Agents as Fertilizers. 
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AND 
V. SUBRAHMANYAN, D.Sc., F.1.C. 
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In previous communications attention has been drawn to the beneficial 
effect of treating soil with oxidising agents on the growth of seedlings 
(Subrahmanyan and Siddappa, 1933) and yield of crop (Subrahmanyan, 
Harihara Iyer and Rajagopalan, 1934). The present paper relates to the 
details of the vegetation experiments and to further studies on plant growth. 
The chemical and biological transformations that attend the application of 
oxidising agents to soil have also been studied. 


Beyond the recognition of the importance of oxidation changes in the 
soil, no systematic work would, so far, appear.to have been carried out on 
the use of chemical agents to facilitate oxidation processes in the soil. On 
the other hand, considerable amount of work has been conducted on the 
role of the associated metallic ions, especially manganese and iron, on plant 
growth and crop yield (Bertrand, 1897, 1905, 1912; Bertrand and Javillier, 
1911; Bertrand and Rosenblatt, 1921, 1922; Loew and Sawa, 1902; Asé, 
1902; Nagaoka, 1903; Voelcker, 1902, 1903, 1904, 1910; Kelly, 1909, 1914; 
Brenchley, 1910, 1927, 1932; Wilcox and Kelly, 1912; Pfeiffer and Blanck, 
1913; McCool, 1913; Vageler, 1916; Deatrick, 1919; McHargue, 1922, 
1923; Rippel, 1923; Mclean and Gilbert, 1925; McGeorge, 1925). The 
results so far obtained are, however, discordant in character. One section of 
workers record phenomenal improvement in plant growth and conclude that 
minute quantities of certain metals are essential to plant life. This view is 
not shared by others, who report that the same metals have either no effect 
at all or, if any, produce only toxic symptoms. Several theories regarding 
the mode of action of different metallic ions in the soil or on the growing 
plant have been proposed, but none would appear to adequately explain the 
various apparently contradictory findings. It would, indeed, appear that 
under certain soil and climatic conditions and, in the case of certain crops, 
metals like manganese may prove beneficial, while, under other conditions 
they may be ineffective or even produce harmful effects. 
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Some workers have studied the effect of metallic oxides, particularly 
that of manganese, on the germination of seeds and growth of plants. 
Voelcker (loc. cit.) observed that the germination of barley was retarded by 
manganese dioxide. The yield of grain was not appreciably improved 
though, in the case of wheat, some increase was noticed. Strampelli (1907) 
and, later, Nazari (1910) obtained improved yield of both grain and straw 
as the result of treatment with manganese dioxide, while Ricci and Barbera 
(1915) observed beneficial effect only in the case of grain. Munerati, 
Mezzadroli and Zapparoli (1913, 1914) recorded that application of 
manganese dioxide to sugar beet did not appreciably improve the yield but 
lowered the percentage of sugar. Fallada and Greisenegger (cited from 
Brenchley, 1927), on the other hand, reported all-round improvement 
including yield of sugar when light dressings of the oxide were applied. 
These observations suggest that there are certain factors other than the ionic 
action which determine the beneficial effect or otherwise of manganese dioxide. 


It was suggested by Kelly (loc. cit.) that application of manganese salts 
facilitates oxidation changes in the soil. Similar views have also been 
expressed by Skinner, Sullivan e¢ al (1914). The results of the present 
enquiry show, however, that the metallic ion plays only a secondary part in 
the oxidations ; that similar effects can be produced by other oxygenated 
compounds like hydrogen peroxide; and that the extent to which a sub- 
stance parts with its oxygen is the true measure of its utility in the oxida- 
tion of organic matter. Thus, potassium permanganate is far more effective 
than its equivalent (in terms of manganese) of manganous sulphate or 
manganese dioxide. These and other observations bring into relief the 
importance of oxidising agents as fertilizers. 


Experimental. 

Pot-culture Experiments with Ragi (Eleucine coracana).—The pots were 
made up with mixtures of red earth (24 lbs.) and sand (8 Ibs.). They were 
treated with hongay cake (30 g.) as organic manure together with complete 
minerals consisting of nitrate of potash (2 g.), superphosphate (non-acid, 
concentrated, 3 g.) and potassium sulphate (1-5 g.). The contents of the 
pots were treated with different oxidising agents as follows:—(1) manganese 
dioxide (7-5 g.); (2) ferric oxide (30 g.); (3) potassium permanganate (3 g.) ; 
(4) hydrogen peroxide (6 per cent., 50 c.c.); and (5) control (untreated). 
The treatments were given at three different stages:—(A) one week before 
application of manure (6-9-1933); (B) simultaneously with the manure 
(13-9-1933) ; and (C) as top-dressing, one month after sowing (19-10-1933) 
respectively. Six pots were allotted for each stage, and into each pot six 
seeds (H22 variety) were sown, After the seedlings had grown to some 
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height, they were reduced to four per pot. The pots were all kept in the 
open and watered in the usual way. 

Meteorological observations.—The season in which the foregoing and 
other pot and plot experiments were carried out was moderately wet and 
humid, with sufficiently long periods of sunshine to facilitate healthy plant 
development. The temperature variations were moderate, the ranges 
(Max., 76-88; Min., 56-67), being such as may be normally expected in 
tropical hill stations or in many parts of the temperate regions. With the 
exception of two weeks in the beginning of October and a similar period in 
the latter half of December, the major part of the season was moderately 
bright and sunny. There were heavy showers of rain (3-5”) early in 
September just before the commencement of the experiments. There were 
further periods of heavy rainfall during the months of October (7-7") and 
December (2-0"). The remaining part of the season was either dry or 
received only slight, occasional showers. Relative humidity followed 
nearly the same course as the rainfall. Each shower of rain was accom- 
panied by rise in humidity which was maintained for nearly a week. The 
succeeding falls caused it to rise again, so that except for short periods in 
November, December and early February, the humidity was consistently 
over 70 per cent. throughout the period of the vegetation experiments with 
ragi, French beans and barley. 

Observations.—It was noted that none of the treatments had any 
perceptible effect on the germination of seeds. Plants raised in pots treated 
with potassium permanganate before or together with the manures, were the 
most forward with regard to shoot height and tillering. The other treat- 
ments did not produce such striking effects but the plants raised on them 
were, nevertheless, better formed and tillered more freely than the manured 
controls. It was also observed that the grains formed on plants receiving 
manganese dioxide were slightly darker than those on others. The plants 
were all harvested on 5-1-1934. The results are shown below (Table I). 


TABLE I. 


Yield (dry weight) in grams 


Treatment A B Cc 
Grain | Straw | Grain | Straw | Grain | Straw 
Ferric oxide ly ..| 303-2 | 114-6 | 223-0 | 67-0 | 343-7 | 124-5 
Manganese dioxide ..| 336-1 | 130-3 | 290-2 | 100-9 | 345-2 | 116-4 
Potassium permanganate ..| 398-4 | 146-9 | 392-0 | 159-4 | 342-4 | 131-1 
Hydrogen peroxide ..| 320-7 | 109-8 | 304-5 | 115-3 | 319-6 | 120-3 


Control (untreated) .. Grain, 296-4; Straw, 115-7. 
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It may be noted that treatment with permanganate yielded the best 
results, the effect being most marked when the oxidiser was added before 
(A) or together with the manure (B). Hydrogen peroxide was slightly 
better than the control and yielded nearly the same results irrespective of 
the stage at which it was applied. Manganese dioxide and ferric oxide 
yielded the best results if applied as top-dressings at the third stage (C). In 
the earlier stages, especially when added together with the manure (B), 
they yielded poorer results than the control. These observations show that 
the stage at which the oxidiser is added is an important factor determining 
the beneficial effect or otherwise of the treatment. 

Plot Experiments.—A uniform plot of land was divided into 24 squares 
each covering an area of 121 sq. ft. The plots were divided into five groups 
and subjected to the following treatments :—(a) unmanured soil treated with 
potassium permanganate, 8 days before sowing, at 150 g. per plot ; (b) farm- 
yard manure at 22 lbs. per plot; (c) manure as in (b) simultaneously 
with permanganate as in (a) ; (d) manure first applied and permanganate 
added as top dressing 20 days after sowing; and (e) unmanured and not 
treated with permanganate (control). The plots were numbered and subject- 
ed to different treatments by the random method. Four plots were thus 
allotted to each treatment except (b) for which eight were used. The seeds 
were sown on 18-9-1933. The seedlings were subsequently thinned so 
that the numbers on each plot were the same (200). 

It was observed that the plants in plots receiving permanganate were 
invariably more advanced than the corresponding controls. They also 
tillered more freely and bore larger number of ears than the others. The 
plots were all harvested on 1-2-1934. The following were the yields from 
areas of 484 sq. ft. in each case (Table II). 


TABLE II. 
Yield (dry weight) in grams 
Treatment. 
Grain Straw 
Permanganate alone... 2066-9 1786-0 
Manure alone .. ne 2181-3 2100-4 
Manure + permanganate (simultaneous) .. 2870-0 2797-5 
Manure + permanganate (top dressing) .. 2306-9 2313-5 
Untreated (control) vi 1430-5 1550-9 


As observed in the pot experiments, permanganate evoked the best 
response when applied together with the manure. It is also of interest to 
note that even the unmanured soil yielded nearly 50 per cent. more grain 
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when treated with the oxidising agent. Top-dressing of permanganate, 
though slightly better than manure alone, is less efficacious than simulta 
neous application with the cake. 


French beans (Phaseolus vulgaris).—The pots were prepared in the same 
way as for the experiments with ragi. The different treatments, as also the 
stage of application of the oxidisers, were similar. The seeds were sown at 
the rate of four per pot. The number of seedlings were subsequently reduced 
to 2 per pot and there were twelve plants for each set of conditions. The 
pods were not plucked but allowed to ripen. After the plants had stopped 
bearing, they were taken out and the dry weights of (a) pods and (b) stem 
and root were separately determined (Table III). 


TABLE III. 


Yield (dry weight) in grams 


Treatment A | B Cc 
| 

Ferric oxide oa ..| 39-6 | 13-1 | 76-4 | 20-4 |102-8| 26-8 
Manganese dioxide ..| 82-6 | 26-6 | 78-3} 21-1 |104-0| 28-2 
Potassium permanganate’ ..| 82-7 | 23-5 | 67-3 | 18-4 33-0} 14:7 
Hydrogen peroxide ..| 80-7 | 24-1 | 74-1 20-6 50-7| 17-9 
Control (untreated) .. Pods, 67-4; Stem and root, 22-0. 


It may be noted that as distinct from the observations on ragi, 
permanganate was less striking in its action than the oxide of iron or 
manganese. Both hydrogen peroxide and permanganate yielded slightly 
better results than the controls if applied before the cake (A) ; if in the later 
stages (B or C), they tended to depress the yield. Reverse was the effect 
observed in the case of the two oxides. The best results were obtained only 
when they were applied as top-dressings (C) after the plants had grown 
to some height. Manganese dioxide was more consistent in its action than 
ferric oxide: the latter tended to depress the yield if applied before the 
organic manure (A). The roots were examined in ali the cases and it 
was found that none of the treatments had any perceptible effect on nodule 
formation. 


Barley.—The seeds (Plumage archer variety) were sown on 22-12-1933. 
The following were the treatments :—(a) unmanured (control) ; (6) unmanur- 
ed soil top-dressed with manganese dioxide at 75 g. per pot; (c) manured 
with hongay cake at 45g. per pot; and (d) manured with cake as in (c) and 
top-dressed with manganese dioxide as in (b). 25 pots were allotted to each 
treatment. 
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It was observed that owing to the poverty of the soil in organic matter 
and nitrogen, the plants raised on unmanured soil were backward. The 
manured ones came up well and tillered freely. There was not much visible 
difference between plants treated with the oxidiser and the corresponding 
controls. The plants were harvested on 23-2-1934 and the yields of grain 
and straw determined (Table IV). 


TABLE IV. 
Yield (dry weight) in grams 
per 100 plants 
Grain | Straw 
| 
Unmanured (control) 68-2 | 61-5 
Unmanured + MnO, we 98-3 | 85-8 
Manured with cake .. 480-1 413-7 
Manure + MnO, 530°9 416-7 


Treatment with the oxide led to improved yields though the effect was 
not so marked as in the case of ragi or beans. Unmanured soil responded 
proportionately better than the manured one. 

Tomato.—The seeds (variety, Golden Jubilee) were obtained from the 
Government Botanic Gardens, Lal-bagh and sown on 22-12-1933. The treat- 
ments were similar to those in the case of beans. Six seeds were sown per 
pot and after the seedlings had come up to some height, they were reduced 
to four in each case. . 

It was observed that plants raised on soil treated with manure followed 
by oxidiser were the most forward. They were consistently bigger and 
bore more flowers and fruits than the corresponding controls. The fruiting 
also continued over a longer period. The ripe fruits were collected from 
time to time and their fresh weights determined. The following were the 
total yields when the experiments were completed on 31-5-1934 (Table V). 


TABLE V. 
Yield of Fruit 
Treatment 
Total weight 
Number wane 
| 

Unmanured (control) .. 26 268-5 
Unmanured + MnO, .. oe 29 329-5 
Manured with cake .. Pie 282 4653-0 
Manure + MnO, os ..| 504 8708-5 
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It may be seen from the above that treatment with manganese’ dioxide 
had nearly doubled the yield of fruit in the case of manured soil. In view of 
the practical significance of this finding, the rates of production of fruit 
in the two cases were compared (Fig. 1). 


9000¢ 
7200} 
5400- 


3600} 


Fresh weight in grams. 


0 i 7 & 
Time in days (from the commencement of fruiting) 
Fic, 1.—Effect. of treatment with manganese dioxide on yield of tomate. 


@-<« Soil + Cake + MnO, 
w—« Soil 4- Cake - 


The beneficial effect of treatment with manganese dioxide may be seen 
at all stages of the fruiting period. It is markedly so between the 24th and 
40th days when there was a temporary lag in the production: the plants 
raised on cake alone produced practically no fruit while those treated 
with manganese dioxide still continued to bear fruit. 

It is probable that the season in which the foregoing experiment was 
carried out and the particular variety of tomato that was raised were both 
well adapted to the treatment. A part of the beneficial effect may also have 
been due to the small quantities of manganese passing into solution and thus 
producing an ionic effect. Further work is in progress to throw more light 
on this aspect of the problem. 

Biochemical changes attendant on the application 
of oxidising agents to soil. 

Ammoni fication. —Specimens (100 g.) of the same soil as used for the 
vegetation experiments were ground to pass the 100-mesh sieve and treated 
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as follows :—(a) manganese dioxide (2 g.) alone; (b) hongay cake (1 g.) as 
finely divided powder; (c) hongay cake as in (b) followed by MnOy as in (a) ; 
and (d) left untreated (control). The contents of the bottles were then 
moistened with water and kept in the open air under the same conditions as 
the experimental pots with the difference that they were kept sheltered on 
rainy days. Loss of moisture was made up from time to time by fresh 
additions of distilled water. At stated intervals, the entire contents of one 
bottle representing each treatment was extracted with saline and ammonia 
estimated according to Robinson and Mclean (1924). The results have 
been presented in Fig. 2. 


. 
251 
> 

> 
Ss 2 f 

2 > 

§ 17-5) 

1-3 

~ 

0-9 


0 4 10 13 16 22 
Time in days. 
Fie. 2.—Ammonification. 
o--e Soil + Cake + MnO, 
4—a Soil + Cake 


e@--o Soil + MnO, 
*—«x Soil alone (control) 


_ It may be noted that there was considerable production of ammonia in 
the specimens treated with cake while there was practically none in the 
unmanured ones. Treatment with manganese dioxide led to slight improve- 
ment in ammonification in the case of the manured as well as unmanured 
samples, but the increase was not so considerable as to account for the big 
difference observed in crop yields. 


Nitrification.—The conditions were similar to those in the previous 
experiment. ; Nitrate was extracted according to A.O.A.C. (1930) and 
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estimated by the Devarda’s alloy method (Russell and Page, 1933). The 
results have been presented in Fig. 3. 


4-0 


to 


Nitrate as mg. of Nitrogen 
to 


i — 


Time in days 
Fia. 3.—Changes in Nitrate Content. 
&—4 Soil + Cake + MnO, 
Soil + Cake 


Soil + MnO, 
*—« Soil alone (control) 


Production of nitrate has not been appreciably favoured by treatment 
with manganese dioxide. There is some fluctuation in the quantities present 
at different stages, but the changes are not considerable. 

Total carbon.—With a view to determining the effect of treatment with 
oxidisers on organic matter, samples (10 g.) of the same soil as used in 
previous studies were treated as follows :—(a) hongay cake (0-1 g.) ; (b) cake 
as in (a) followed by hydrogen peroxide (4 c.c., 1 per cent.) ; and (c) cake 
followed by manganese dioxide (1 g.). They were then maintained under 
conditions similar to those adopted in the previous experiments. Carbon 
contents of the samples were estimated according to a method of wet 
combustion, the conditions relating to which have been standardised in 
a previous communication (Bhagvat, Narayanayya and Subrahmanyan, 
1934). From the results, the quantities of carbon decomposed at various 
stages were calculated and have been presented in Fig. 4. 


The decomposition was most rapid in the case of the specimens treated 
with manganese dioxide, the total quantity thus attacked at the end 
of 10 days being about four times as much as in the control. Hydrogen 
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peroxide came only second in efficiency but this is probably due to the 
initial dissolution of organic matter (G. W. Robinson and Jones, 1925; 
W. O. Robinson, 1927; MclI,ean, 1931) which may be followed at a later 
stage by more profound oxidation. 

Production of carbon dioxide.—The conditions were similar to those of 
the previous experiment with the difference that ten times the quantities 
were taken. Carbon dioxide was displaced by air and absorbed in alkali, 
excess of which was estimated in the usual way, after adding barium 


chloride. The total quantities produced at different stages have been 
presented in Fig. 5. 
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Carbcen oxidised (in milligrams) 
Carbon dioxide as mg. of Carbon 
to 


Time in days 


Fic. 4.—Oxidation of Carbon. 


a+ Soil + Cake + MnO, 
Soil + Cake + H,O, 
*—* Soil + Cake (control) Time in days 
Fic. 5.—Production of Carbon dioxide, 
&—4 Soil + Cake + MnO, 
o—o Soil + Cake + HO, 
w—«x Soil + Cake (control) 

There was more rapid production of CO, in the case of the two oxidisers 
than in that of the control. In the earlier stages the oxidation was 
apparently more vigorous in the case of specimens treated with manganese 
dioxide than in those receiving hydrogen peroxide, After the first few 
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weeks, however, the position was reversed: the rate of production from the 
former declined while that from the latter continued at nearly the same 
rate as before. 


A comparison with Fig. 4 would show that the major part of the 
carbon lost (multiplied by ten to render the proportions the same) is 
accounted by the production of carbon dioxide. 


Total nitrogen.—-Small samples (10 g.) of soil were treated in the same 
manner as in the previous experiments and total nitrogen determined at 
intervals of four days according to Gunning and Hibbard’s modification of 
Kjeldahl’s method (1930). The values thus obtained were more or less the 
same for the specimens treated with the oxidiser as well as the correspond- 
ing controls. It may be inferred therefore that although organic matter 
was being rapidly oxidised and carbon lost from the soil system, the nitrogen 
content remained practically unchanged. 


Bacterial numbers.—Samples (10 g.) of air-dry soil ground to pass the 
100-mesh sieve were treated as follows :—(a) manganese dioxide (0-2 g.); (8) 
hongay cake (0-1 g.); (c) cake as in (b) followed by manganese dioxide as in 
(a) ; (d) untreated (control). The samples were maintained at 40 per cent. 
saturation under conditions similar to those of the experimental pots with 
the difference that the bottles were plugged with cotton-wool and sheltered 
from rain. At stated intervals, samples were taken out and platings carried 
out according to Thornton (1922). The plates were incubated at 30° and 
the counts taken after 8 and 15 days respectively so that correction may 
be made for disappearing colonies (Rajagopalan, 1933). The total numbers 
present at different stages have been represented in Fig. 6. 


It may be noted that in both the manured and the unmanured samples, 
treatment with the oxidiser resulted in immediate rise in bacterial numbers 
as compared with the corresponding controls. After this, there was no 
further increase and the numbers remained more or less stationary upto 
the 13th day. In the later stages, the counts for the manured samples 
decreased rapidly, while those for the unmanured ones continued unaffected 
for a further period. The numbers of bacteria in the manured controls 
increased upto the 13th day when they approached those of the correspond- 
ing oxidiser treated samples. After that period, they also declined rapidly. 
The unmanurted (control) samples showed only slight increase in bacterial 
counts, which did not at any time come up to the level of those treated 
with the oxidiser. 


The foregoing observations show that treatment with the oxidiser has 
a favourable effect on soil bacteria, at any rate in the early stages. The 
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effect is more marked in the case of unmanured samples than in that of the 
manured ones. 


Actinomyces.—The conditions were similar to those of the previous 
experiment. The platings were carried out according to Ganesh Rao and 
Subrahmanyan (1929). As in the case of bacteria, the counts were taken 
at the end of 8 and 15 days respectively, but only the latter results have 
been presented in Fig. 7. 
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Fic. 7.—Response of Actinomyces to 
Fic. 6.—Response of Bacteria to treatment treatment with Oxidiser. 
with Oxidiser. 
O--p Soil + Cake + MnO, 


~ Soll + Mn0; 
Soil + MnO, Soil alone (control) 
»—« Soil alone (control) 

As in the case of bacteria, treatment with the oxidiser resulted in 
immediate rise in the numbers of actinomyces. The effect was more striking 
in the case of the unmanured soil than in that of the manured one. The 
increase continued upto the 13th day after which the counts diminished 


rapidly until they reached about the same level as the corresponding controls. 

Fungi.—-Previous experience having shown that the commoner synthetic 
media did not yield satisfactory results, the platings were carried out on 
wort-agar. The plates were incubated at 30° and the counts taken at the 
end of 5 days so as to avoid excessive spread of colonies. The counts for 
different stages (Fig. 8) show that, in the manured soil, manganese 
dioxide had a slight depressant effect which was noticeable in the early 
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stages. After the 13th day, however, when the numbers in both the 
manured samples decreased, the specimens treated with oxidiser came out 
slightly better than those receiving cake alone. In the case of the 
unmanured soil, treatment with manganese dioxide resulted in immediate 
increase in the number of fungi which continued upto the 13th day after 
which there was steady decline until, finally, they were not significantly 
different from the controls. 
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Fia. 8.—Response of Soil Fungi to treatment with Oxidiser. 


Soil + Cake 

o---e@ Soil + Cake + MnO, 
Soil + MnO, 

Soil alone (control) 


Discussion. 


The results of the present enquiry have raised various questions of 
considerable scientific interest and, at the same time, of much practical impor- 
tance. In the first place, they have shown that, under certain conditions, 
treatment of soil (manured or otherwise) with oxidising agents leads to 
increased yield of crop. They have also indicated that the chemical nature 
of the oxidiser, the time of application and the type of crop are factors 
determining the extent of benefit to be derived from the treatment. These 
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observations are of much practical significance and if generally confirmed on 
the field, should eventually lead to a new system of fertiliser practice that 
would provide not only the usual organic manures and minerals but also 
oxidising agents that would facilitate a variety of useful chemical and 
biological changes in the soil. The oxidising agents would thus assist in 
improving the fertility of the soil and would therefore deserve to be classed 
as fertilisers in the strict sense of the term. 


The present study has dealt with only a small number of oxidising 
agents but there are several others which could serve with the same or 
perhaps even greater efficiency. It may also be possible to synthesise a 
number of new, highly oxygenated compounds which may function more 
efficiently than those that have so far been known. Some of them may 
also be combined with certain inorganic constituents which are essential to 
plant nutrition, so that further benefit to the crop may be ensured. 


In agricultural practice, the residual effect of a fertiliser is of very 
great importance. It is difficult to state whether a subsequent crop will 
derive any benefit from previous treatment with an oxidiser; whether the 
requisite plant nutrients would still be in the available condition. It 
should be admitted that whereas vigorous oxidising agents like potassium 
permanganate or hydrogen peroxide are almost instantaneous in their 
action, there are milder ones like the oxide of iron or manganese which may 
continue to act over a long period and, as already observed, oxidise a 
considerable part of the soil organic matter even during seasons of fallow. 
There is also the possible residual effect of the associated metallic ion which 
may increase with the depletion of organic matter. Repeated top dressings 
may also affect the physical texture of the soil and introduce other 
problems which would require careful enquiry. The possible influence of 
soil and climatic conditions as also the physico-chemical properties of the 
soil—especially H-ion concentration—also deserve to be taken into 
consideration. 


The biochemical studies have clearly shown that the most important 
change attendant on the application of oxidising agents to soil is the 
oxidation of organic matter to carbon dioxide. The earlier observations 
(Iuundegardh, 1927 ; Subrahmanyan and Siddappa, 1934) having shown that 
enrichment of the atmosphere with carbon dioxide leads to increased yield 
of crop, the beneficial effect of oxidising agents may thus be explained. It 
is at the same time probable that the different forms of nitrogen associated 
with the soil organic matter (humus) may have been rendered more available. 
A similar observation may also apply to the different forms of mineral 
matter. 
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The mechanism of oxidation of organic matter is still comparatively 
obscure. The decomposition may have been partly due to chemical action 
and partly to microbial activity. Both the agencies are presumably at work 
in the unmanured soil, but it is difficult to state whether the momentary 
increase in some of the forms could fully account for the greatly enhanced 
production observed in the case of the manured soils treated with oxidiser. 
Furthermore, it is well known that the chemicals used in the present study 
can also act directly on soil organic matter oxidising them either to carbon 
dioxide or certain other forms which could be subsequently oxidised with 
comparative ease. In the former case, it would be one of purely chemical 
oxidation, and in the latter, chemical action supplemented by microbial 
activity. 

The precise nature of the conditions that favoured the increase in 
microbial numbers in the case of the unmanured soil and those that led to 
the momentary rise in the manured one also require further elucidation. 
Previous researches on the subject (Loew and Sawa, loc. cit.; Bertrand and 
Javillier, loc. cit. ; Sauton, 1913) have led to concordant results, but there 
are indications to show that, under certain conditions, manganese ion can 
stimulate microbial growth. It is also probable that treatment with the 
oxidisers, especially in the unmanured soil, may have led to increased 
production of microbial food ; for, otherwise, the organisms could. not have 
continued to exist over such a long period. As already indicated, the 
chemical oxidation may have resulted in the formation of certain products 
which, being less complex and more readily available than humus, may 
have served as microbial food. 

Further work is in progress with different types of crop and a variety of 
soil conditions with a view to throwing more light on the mechanism of 
related processes. Parallel trials with the corresponding metallic salts 
are being carried out so as to ascertain the precise nature of ionic effects 
under different conditions. The attendant mineral transformations are also 
being followed with special reference to their residual effect in the soil. The 
results of these and related enquiries will form the subjects of later 
communications. 

Summary. 


1. Pot and plot culture trials with different crops have shown that 
treatment of soil (manured or otherwise) with oxidising agents leads to 
increased yield of crop. 


2. Ragi (Eleucine coracana) responds best to potassium permanganate 


when applied before sowing. Oxide of manganese or iron is also useful if 
applied as top-dressing. 
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3. Experiments with French beans (Phaseolus vulgaris) showed that 
the time of application of the oxidising agent determines the beneficial 
effect or otherwise of the treatment. Permanganate which was useful at 
other times actually depressed the yield, if applied as top-dressing: the 
reverse was observed in the case of manganese or iron oxide. 

4. Barley responded favourably to top-dressing of manganese dioxide. 
Tomato yielded nearly 100 per cent. more of fruit as compared with the 
manured control. 

5. Ammonification of seed-cake was slightly favoured by the 
presence of the oxidising agent. Nitrification was not appreciably 
improved by the treatment. 

6. Decomposition of organic matter was greatly hastened by treating 
soil with an oxidiser. The loss of carbon corresponded to the production of 
carbon dioxide, thereby showing that the process was essentially one of 
oxidation. 

7. Both in the manured and in the unmanured soils, treatment with 
an oxidising agent resulted in immediate increase in the numbers of 
bacteria as well as actinomyces. After about two weeks, however, the 
numbers tended to decrease and fall to the same level as the corresponding 
controls. In the manured soil, fungi were slightly depressed by the 
treatment, while, in the unmanured one, they were favoured. 

8. The mechanism of the related processes have been discussed and 
the practical significance of the treatment indicated. 
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INVESTIGATIONS ON THE ROLE OF ORGANIC 
MATTER IN PLANT NUTRITION. 


Part III. Influence of the Decomposition of Organic Matter on Soil Structure. 


By A. SREENTVASAN, M.A., 
AND 
V. SUBRAHMANYAN, D.Sc., F.I.C., 
Department of Biochemistry, Indian Institule of Science, Bangalore. 


Received June 30, 1934. 


ALTHOUGH the importance of organic manures in agricultural practice 
has been recognised from the earliest times, it is yet only during recent 
years that their influence on the physical properties of the soil has been 
adequately recognised. Keen and Haines (1925) observed that moisture 
content is increased and resistance to the plough lowered as the result of 
liberal applications of organic manure. Kerr (1928) and, later, Baver (1930) 
noted that the absorptive capacity of soil for cations is improved by the 
presence of organic matter. Burr and Russell (1927) showed that organic 
matter helps to increase the plastic range and to decrease the toughness and 
solidity of soil. These and other observations bring into relief the beneficial 
effect of organic manures or the residual humus as admixed with the soil, 
They do not, however, throw any light on the influence of organic matter on 
the ultimate structure of inorganic particles constituting the soil. It is 
indeed believed that organic matter has no effect on the mechanical composi- 
tion of the soil; that after its removal by either biological action or chemical 
oxidation, the soil reverts to its original physical structure. 


In the course of an investigation on nitrogen transformations in swamp 
soils (Sreenivasan and Subrahmanyan, 1934) it was observed that those 
treated with organic manures tended to become increasingly heavy and 
sticky with the progress of decomposition. This observation combined 
with a few others such as increasing difficulty in dry-digesting such speci- 
mens for the estimation of nitrogen (Sreenivasan, 1934) suggested that the 
organic matter had brought about some permanent change in the physical 
texture of such soils. A systematic enquiry on the influence of decomposi- 
tion of organic manures on the mechanical composition of soils was therefore 
undertaken. 


123 


m 
m 


124 A. Sreenivasan and V. Subrahmanyan 


Experimental. 

Specimens of surface soil (red loam) from a virgin tract were collected 
and after being air-dried and ground to pass the 3 mm. sieve were filled into 
a number of glazed earthenware pots at 40 lbs. each. They were then treated 
as follows :—(a) unmanured and maintained at 60 per cent. saturation with 
water ; ()) green manured with leaves of Pongamia glabra at 100 g. per pot 
and maintained at 60 per cent. saturation; (c) unmanured and swamped to 
a depth of 3 inches ; and (d) green manured as in (b) followed by swamping 
as in (c). The green manure was applied by cutting the leaves into small 
bits which were mixed thoroughly with the soil to a depth of 6 inches. All 


the pots were maintained under field conditions with adequate provision for 
drainage. 
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At stated intervals, the contents of whole pots were separated into 
three-inch layers and the mechanical composition of the soil in each layer 
determined according to the International Method (A.F.A. Sub-Committee, 
1926) after destroying organic matter by boiling with 6 per cent. hydrogen 
peroxide. The results were grouped together under two main heads, (1) 
coarse fraction including coarse and fine sand, and (2) fine fraction represent- 
ing silt and clay (including solution losses). 


- It may be seen from the figures (Table I) that in none of the cases was 
there any perceptible effect on the composition of the soil below the first 
three inches. The surface layers of the unmanured specimens were not also 
appreciably altered. On the other hand, the green manured soils showed a 
significant change with the progress of the decomposition of organic matter. 
This was particularly so in the case of the water-logged specimens in which 
the coarse fraction showed a distinct fall while the fine fraction showed a 
corresponding rise. 


The summation curve for the surface layer of the green manured and 
swamped soil at the different intervals was drawn according to Robinson 
(1924). The figure (I) showed that there was a gradual change in the particle 


size distribution of the soil during the first 29 days after which it was not 
appreciable. 


Effect of preliminary treatment with hydrochloric acid.—With a view to 
determining whether the small quantities of hydrochloric acid added to the . 
soil suspension prior to dispersion were in any way responsible for the 
changes observed in the case of specimens treated with green manure, some 
experiments were carried out determining the mechanical composition with 
and without that acid. The following were the results obtained for the 
samples (0-3”) collected on the 57th day (Table IT). 


TABLE II. 


PERCENTAGES ON AIR-DRyY BASIS 


Green manured 


Unmanured 
Fraction (60 per cent. 


Green manured (GO per cent. Unmanured 


ent.) (swamped) sat.) (swamped) 
With- With- With- With- 
With With With With 
out ‘ out out out 
HCl HCl HCl Hcl HCl HCl HCl HCl 
Coarse sand ..|| 25-7 | 24-6 || 25-3 | 24-0 | 27-4 | 27-4 || 27-2 | 25-8 
Fine sand .. ..|| 16-0 | 23-2 | 14-7 | 19-1 | 16-3 | 21-9 | 16-2 | 22-4 


Silt + clay ++], 51-9 | 46-6 | 55-7 | 50-6 | 48-7 | 46-5 | 49-9 | 45-0 
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It may be seen from the above that treatment with dilute hydrochloric 
acid makes comparatively small difference with regard to the percentage of 
coarse sand. On the other hand, the percentage of fine sand is decreased 
and that of clay and silt increased as the result of the treatment. This is 
to be observed in all the cases, irrespective of the other treatments to which 
the soil is subjected. It may be inferred therefore that addition of hydro- 
chloric acid has the general effect of breaking up the mineral matter which 
would otherwise cement together the clay particles and thus yield coarse 
aggregates. Indeed, as previously observed by Hall (1904) fairly large 
quantities of mineral matter, especially iron, could be seen in the fine sand 
fraction when hydrochloric acid was not added. 


Solution Losses.—-The quantities of minerals, chiefly iron and aluminium, 
lost in solution by treatment with hydrochloric acid were determined by 
precipitation with ammonia and weighing after ignition (Table ITI). 


TABLE III. 
PERCENTAGES 
Depth 
Treatment in Time in days 
inches 
8 | 15 | 29 43 57 71 
Green manured— 0—3 | 0-61 | 0-68 | 0-68 | 0-55 | 0-58 | 0-50 
60 per cent. sat. 3—6 0-62 | 0-64 | 0-63 | 0-55 ‘ 0-49 
6—9 0-61 | 0-61 0-58 
Green manured— 0—3 || 0-66 | 0-92 | 0-73 | 0-60 | 0-51 | 0-52 
swamped 3—6 | 0-63 | 0-66 | 0-63 | 0-56) .. 0-54 
: 6—9 0-53 | 0-60 | 0-71 | 0-52 
Unmanured — 0—3 | 0-50 | 0-64 | 0-60 | 0-60 0-54 
60 per cent. sat. 3—6 0°61 | 0-56 | 0-53 | 0-52 0-54 
6—9 0-55 | 0-60) .. oe 
Unmanured— 0—3 0-56 | 0-61 | 0-55 | 0-59 | 0-52 | 0-51 
swamped 3—6 | 0-56 | 0-62 | 0-55} 0-52 | .. | 0°53 
6-9 0:60 | 0-57 0-50 


Loss in solution at the commencement in all the cases= 0°60 per cent. 


The quantities passing into solution were comparatively small and 
except ina few cases, not significantly different from each other. There 
was distinct increase in the quantity of minerals dissolved from the green 
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manured and swamped specimens between the 8th and the 29th days, but 
subsequently they tended to diminish and were not appreciably different 
from the others. 


Soil structure and capacity for moisture retention.—The samples of soil 
collected at different stages were dried at 100°C. for 3 to 4 hours. The 
percentages of moisture as determined on air-dry material are given in 
Table IV. 


TABLE IV. 
| Depth Time in days 
Treatment | in 
inches 8 15 | 29 | 43 | 57 | 71 
Green manured— 0—3 2-1 2°4 2°3 2-2 2-2 2-3 
60 per cent. sat. 3—6 1-9} 2-0; 2:1) 2-0) .. 2-1 
6—9 1-6} 1-7 2-0; 1-9 
Green manured— 0-—-3 2-9} 2:5 | 2-4] 24] 2-4 
swamped 3—6 1:9| 2:0} 2:0) 2-5 2-1 
6-9 1-7 1:7 1-8] 1-8 
Unmanured— 0--3 1:6 1-7 1-7 1-6 
60 per cent. sat. 3—6 1:6 1°6 a 1-6 
6—9 1:5 1°8 > 
Unmanured— 0-—3 1-8 1-8; 1:8 
swamped 3—6 1-7 1-9 1-7 
6—9 1-6 1-8 


Moisture content at the commencement in all the cases=1.7 per cent. 


A comparison with Table I would show that the change in soil 
structure has no influence on moisture-retaining capacity. The latter would 
appear to be largely determined by the quantity of organic matter present. 
Thus, the green manured specimens have all got higher moisture contents 
than the unmanured ones. Swamping, by itself, appears to have little effect 
on the moisture-retaining capacity of the soil. 


Silica-sesquioxide ratio.—The importance of this determination has been 
stressed by a number of workers (Robinson and Holmes, 1924; Joseph and 
Hancock, 1924; Anderson and Mattson, 1926; Mattson, 1926; Robinson, 
1928 ; Holmes, 1928; Crowther, 1930; and Baver and Scarseth, 1931). With 
a view to ascertaining whether the change in the physical texture of the soil 
was accompanied by some alteration in the silica-sesquioxide ratio, the clay 
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and silt fractions of the surface layers (0— 3”) of the green manured and 


swamped specimens were analysed by fusion methods according to A.O.A.C. 
(1930). 


TABLE V. 

Percentages 
Time in SiO. 
days R,O 
SiO, 
0 36°5 54-0 0-68 
8 36-0 51-0 0-71 
15 38-7 52-9 0-73 
29 39°8 55-3 0-72 
43 40-0 55-1 0-73 
57 41-5 55-3 0-75 
71 42-1 57-3 0-74 


With the progress of the decomposition, there was a definite tendency 
for the percentages of both silica and the sesquioxides to rise (Table V). 
From 90-5 per cent. of the total they had risen, in the course of 71 days, to 
99-3 per cent. thereby showing that the surface layer consisted almost 
exclusively of the oxides of iron, aluminium and silicon. This would 
suggest that potassium, calcium and other cations which were originally 
associated with the fine fractions had been steadily removed and their place 
taken by the three oxides. It would thus be seen that the green manure 
had brought about a change not only in the sizes but also in the chemical 
nature of the mineral particles constituting the finer fractions of the soil. 
The silica-sesquioxide ratio had also changed, though not to any considerable 
extent. The observations would suggest that the silica content increased at 
a slightly faster rate than that of the sesquioxides. 


Discussion. 

The results of the present enquiry are of much scientific as well as 
practical interest. In addition to showing how the physical properties of 
the soil may be altered by the decomposition of organic matter, they also 
indicate how, under the conditions of the swamp soil, the general fertility 
may also be affected. 


Although, the unmanured specimens, as also those maintained at 60 
per cent. saturation, showed very little change in their mechanical compo- 
sition, the observations in the case of the manured and swamped ones 
would suggest that, under such conditions, the soil would tend to become 
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richer in the fine fractions and heavier in general behaviour. Each season 
of manuring followed by swamping may lead to further reduction in the 
coarse fractions accompanied by corresponding rise in the fine ones, so that 
the soil becomes increasingly heavy in character. Cultivation operations 
would also help in this process by exposing fresh layers of the soil to 
conditions which would alter its structure. In this manner, a considerable 
part of the first few feet of the soil which are of agricultural interest may 
eventually be modified in composition and character. Similar changes may 
also occur in dry cultivated soils in regions of high rainfall or areas which 
are subject to frequent inundations. Profuse irrigation unattended by 
proper drainage may also lead to similar results. 


The mechanical composition of the soil, especially under conditions of 
wet cultivation, is partly determined by the nature of the inorganic 
materials present suspended in the water used for irrigation. It isa matter 
of common experience, especially in the deltaic districts of India, that, 
depending on the situation of the land, considerable amounts of fine 
sand, silt or even clay are deposited at the surface of the soil. The effect 
of the decomposition of organic matter will therefore be modified, to some 
extent, by the fresh materials thus added to the soil from year to 
year. The reverse may also sometimes happen, especially on hill slopes. 
The fine fractions may be washed away by the rains exposing only the 
coarse ones at the surface. In this mianner, the effect of decomposition 
of organic matter may be modified and, in some cases, even nullified 
by the situation of the land, the system of irrigation, climatic conditions 
and such like. 


The changes in chemical composition are even more important than 
alterations in physical texture. At the commencement of the experiment, 
the fine fractions of the soil contained about 9 per cent. of inorganic consti- 
tuents including potassium, calcium, phosphates and other fertilizing ingre- 
dients. After about 71 days of swamping, in presence of green manure, the 
proportions of those constituents is reduced to under 1 percent, and their 
place taken by the oxides of silicon, iron and aluminium. 


Further work is needed to throw light on the mechanism of the pro- 
cesses which led to the changes in the physical texture of the soil and chemi- 
cal composition of the fine fractions. It may, nevertheless, be indicated that 
the decomposition of organic matter results in the production of different 
acids (Subrahmanyan, 1929) which attack the coarse fractions of the soil 
bringing different minerals into solution (W. O. Robinson, 1930). Some of 
the minerals such as iron and aluminium re-precipitate after a time while 
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others like calcium and potassium continue to remain in solution (Sundara 
Iyengar, private communication). The position with regard to silica is not 
so clear, but there is evidence to show that it is also brought into solution 
(Venkataramanan, unpublished data) under the conditions of the swamp soil 
and subsequently reprecipitated. As the result of these changes, the fine 
fractions gain in iron, aluminium and silicon while certain other constituents 
are lost. It is hoped that the results of these and related enquiries would 
form the subject of later communications, 


Summary. 


1. As the result of decomposition of green manure in a swamp soil, the 
coarse fractions (including coarse and fine sand) of the surface layer (first 3 
inches) decreased by 11-2 per cent. while the fine ones (silt + clay) increased 
by 9-8 per cent. in the course of 43 days. The effect was less pronounced in 
the manured soil maintained at 60 per cent. saturation, while no alteration 
was to be noticed in the case of the unmanured specimens. 


2. Treatment with dilute hydrochloric acid prior to dispersion had no 
appreciable effect on the estimates of mechanical composition obtained in 
the different cases. Joss in solution was also comparatively small. 


3. The silica-sesquioxide ratio increased slightly as the result of 
decomposition of green manure in swamp soil. The composition of the 
fine fractions was also altered, the total percentages of the oxides of 
iron, aluminium and silicon increasing from 90-5 to 99-3 in the course 
of 71 days. 


4. The practical significance of the above and related observations has 
been discussed. 
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LEUCOCYTO-REACTIONS AND THEIR VALUE FOR THE 
DIAGNOSIS OF SYPHILIS. 


By Cor. I. FRomLANO DE MELLO (Nova Goa). 
Received September 30, 1934. 


Two leucocyto-reactions have been described as very sensitive for the 
diagnosis of syphilis. 

The first one, known as reaction of d’ Amato, is characterised by a definite 
leucopenia half an hour after the injection of an antisyphilitic drug (mercury, 
bismuth, arseno-benzenes). Such a leucopenia is strictly specific as it does 
not occur either in non-syphilitic individuals, or after the injection of other 
drugs, as for example, certain proteins. 


D’Amato claims that the nature of the reaction is a hemoclasic shock 
and considers a reduction of the number of white cells by 600 to 800 as 
doubtful (+ —), by 1,000 as positive (+), by 2,000 as + +, and by more 
than 3,000 as + + +. 


His conclusions may be enumerated as follows :— 


(1) Intramuscular or intravenous injections of solub’e preparations of mercury 
or preparations of bismuth or arsenobenzol provoke, in individuals affected with syphilis, 
and in a specific way, a hemoclasic shock, whose most constant and characteristic pheno- 
menon is the leucopenia. 


The hemoclasic reaction is positive in most sypilitic patients; it is negative in a 
small number, particularly in individuals subjected to an energetic anti-syphilitic treat- 
ment. 

(2) In normal individuals or in those affected with diseases other than syphilis, 
the injection of antisyphilitic drugs is almost never followed by hemoclasic reaction. 
There is often a slight lzucocytosis. 

(3) Syphilitic patients injected with soluble hydrargeric preparations, show always 
during many subsequent days, in the same way, a positive hemoclasic reaction. 

(4) Energetic and prolonged anti-syphilitic treatment renders negative the hemo- 
clasic reaction, less easily, however, than the Wassermann reaction. 

(5) Syphilitic patients injected with certain proteins (blood serum, sterilised milk) 
do not show the hemoclasic reaction. 

(6) The hemoclasic reaction obtained in syphilitic patients through the injec- 
tion of antisyphilitic drugs is so evident and constant that it may be considered a diag- 
nostic sign of great value. 

(7) The hemoclasic reaction of the syphilitic patients has a great biological value, 
because it is produced in individuals not artificially sensitised and through the action 
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of certain particular crystalloid substances, which produce their therapeutic action by 
this reaction. 


* * * 

The second leucocyto-reaction of syphilis is described by Gouin and 
co-workers and is known generally as leucocyto-reaction of Gouin. It is charac- 
terised by a just opposite phenomenon—a leucocytosis, in two hours after 
the injection of anti-syphilitic drugs or of certain proteins. The authors 
claim, also, that the reaction is specific and does not occur in non-syphilitic 
individuals. ‘Their conclusions may also be enumerated as follows for a full 
acquaintance of the question :— 

(1) Autohemo or heterohemotherapy on a syphilitic patient provokes, 2 hours 


after, a leucocytosis, a phenomenon just opposite to what happens in a non-syphilitic 
individual. 


(2) The injection of 914, bismuth or cyanide of mercury provokes constantly 


and very precociously (tres précose) a hyperleucocytosis, which seems more intense than 
after blood injection. 


N.B.—In the protocols of the experiments hyperleucocytosis is registered: 914—1 
case after 4 an hour; 5 cases 1 hour; 5 cases 2 hours, leucopenia 914—1 case 1 hour; 
bismuth—I case 1} hours; 1 case 2 hours; mercury—2 cases 1 hour. 


(3) The reaction should be studied in individuals not submitted to any treat- 
ment or on those untreated for a long time as the reactions, after a series of injections 
of 914, are often irregular or even paradoxical. 


(4) In one case which was considered clinically and serogically cured, the 


reaction was not hyperleucocytosis but a leucopenia as in normal individuals. A similar 
fact has been registered in a case of neurotic lues. 


(5) The injection of bismuth or 914 in normal individuals shows after 2 hours 
a leucopenia, sometimes strongly marked. 


* * * 


So, we are in the presence of two reactions, at first sight, entirely antago- 
nistic, in syphilitic patients submitted to anti-syphilitic drugs ! This apparent 
discrepancy is explained by R. de Blasio after numerous blood counts made 
every five minutes in order to follow the curve of the leucocytes oscillations : 
generally, leucopenia begins after 20 minutes, reaches its maximum from 20 
to 30 minutes, and leucocyte count comes to normal after 45 to 60 minutes. 
After 75 minutes, the number of cells begins to increase and 2 hours after 
the injection, there is a true leucocytosis. The curve of this increase is not 
so regular as the leucopenic curve ; its highest point is sometimes reached 
after 4-5 hours. The white cells number comes to normal again after 30 


hours, but leucocytosis may remain till 52 hours after the injection. De 
Blasio states that :— 


(1) The reaction of d’Amato and the reaction of Gouin are not antagonistic but 
only two different stages of the same phenomenon—the hemoclasic shock. 


or 
lev 
let 
in 
er 
ce 
di 
Ic 
| 
we 


Leucocyto-Reactions for the Diagnosis of Syphilis 135 


(2) The reaction of d’Amato is more specific than that of Gouin and may render 
valuable service in medical practice, particularly when W.R. is negative or doubtful 
or in cases of visceral syphilis. 


(3) The slight leucocytosis stated by d’Amato in the first half an hour, and the 
leucopenia stated by Gouin after 2 hours in normal individuals are not constant, specially 
leucocytosis. 


(4) The reaction of d’Amato is not an absolute proof of syphilitic infection. It 
has the same value as other reactions used for the diagnosis of this disease. 


* * * 


The simplification of laboratory methods for the diagnosis of diseases, 
in order to put them within the reach of rural practitioners, is certainly to be 
encouraged by every researcher. In syphilis, the primitive complicated 
complement fixation of Bordet Wassermann is being more and more replaced 
by the somewhat easy floculation tests. Should we be able to rely for the 
diagnosis on a common blood cell count, it would indeed be an inestimable 
advantage for medicine and humanity. 


It is with this purpose that the present research is carried on, the 
syphilitic patients being well known to me from the beginning of their infec- 
tion, diagnosed either from undoubted clinical symptoms, or through sero- 
logical reactions. 


Syphilitic Patients treated by Trepol. 


A } hr. after | 2 hrs. after 
Case Disease inj. inj. 
(d’Amato) | (Gouin) 
Rocha ws .-| Ancient syph. se 5200 4700 5600 
Lima Seric syph. 5800 7500 5000 
Remedios .-| Ancient syph. 5500 4600 6300 
A. 8. ..| Ancient syph. 3600 4700 4900 
Carmelina.. .-| Primary syph. oe 6500 4000 9600 
Isabel Tertiary syph. 6900 5200 5300 


Résumé of the present series; An increase or diminution under 500 leuco- 
cytes has not been considered as such number is among the normal oscilla- 
tions of white cell counts. 


Among these 6 syphilitic patients: 2 have shown the curve leucopenia 
followed by leucocytosis referred to by de Blasio; 1 leucopenia but no 
leucocytosis ; 1 an inverted formula, leucocytosis followed by leucopenia; 1 a 
permanent leucocytosis ; 1 a permanent leucopenia. 


9 


136 


Col. I. Froilano de Mello 


Syphilitic Patients treated by Neotrepol. 


‘ 4hr. after | 2 hrs. after 
| (d’Amato)| (Gouin) 

A. Jorge Primary syph 6900 8500 7900 

Mota Sec. syph. .. 5250 3250 7500 

Queiroz Sec. syph. 7400 7200 5700 

S. Peres s Ancient syph. 7500 4200 6650 

P. d’Oliveira .. Seric syph. .. 4400 3250 5600 

Paulina Sec. syph. 10900 6600 10000 

David : Primary syph. 8050 5850 9300 

Be Bs Siqueira Primary syph. 7850 8200 9600 

Ana F. Costa Primary syph. 8800 6450 7500 

J. X. Dias Primary syph. 8300 5000 9100 

Hassan Seric syph. .. 7400 7100 8200 

Joaquim Tertiary syph. 7200 5900 2750 

Xavier Primary syph. “e 6250 4600 5050 
Estevam Ancient syph. + lupus 

eryth. oe 3450 3900 

Sequeira Tertiary syph. 5850 4050 6100 


Résumé of the present series : 
have shown the curve leucopenia followed by leucocytosis ; 


Among these 15 syphilitic patients only 5 
2 a permanent 


leucocytosis ; 5 a permanent leucopenia ; 1 a leucocytosis instead of the initial 
leucopenia ; 1 a leucopenia instead of the secondary leucocytosis ; 
leucopenia but only the secondary leucocytosis. 


Non-Syphilitic Patients treated by Trepol or Neotrepol. 


1 no initial 


after | 2 hrs. after 
Case Disease |, «, inj. 
* |(d’Amato)| (Gouin) 
Junceira oe .-| Tubercular Orchitis 4400 5100 5500 
Filipe Franc .. -| Tramautic Ulcer 8200 10000 10500 
Pundori ee -| Malaria 14000 10500 9250 
Santana, F. . Fracture of tibia by 
motor accident ° 9000 5700 5800 
J.S. Fernandes -| Septic arthritis 13000 9700 7000 
L. C. Fernandes Eczema 10400 4600 6100 
Rama Saunto -| Malaria and Herpes 6200 3800 3700 
Résumé: In this series of 7 non-syphilitic patients treated by Trepol 


or Neotrepol 5 have shown the initial leucopenia of d’Amato; 2 an initial 
leucocytosis. Regarding the secondary leucocytosis of Gouin it has been 
registered in 2 patients only, 5 having shown a secondary leucopenia. 
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Syphilitic Patients treated by Neosalvarsan. 

+ hr. after | 2 hs. after 

Case Disease ae inj. inj. 
re (d’Amato) | (Gouin) 
R. Noronha .. .-| Ancient syph. oe 10650 6850 5900 
A. Rodrigues .. --| Ancient syph. 6900 8400 7400 
Estevam ..| Ancient syph. lupus 

erythematosus 4800 3800 8700 
Carmelina .-| Primary syph. ° 11800 9200 8000 
Isabel oe .-| Tertiary syph . 8550 9750 7800 
Remedios os .-| Ancient syph. ° 6350 9600 8100 
Joaquim os --| Tertiary syph. . 7450 7050 5250 
Mota os --| Sec. syph. .. ° 6750 2450 4500 
J. Peres ° .-| Seric syph. . ° 6700 9600 4800 
A. Pinto ‘ .-| Seric syph. .. ‘ 6000 6800 4200 
J. X. Dias --| Primary syph oe 10250 10300 5500 
Hassan oe .-| Seric syph. .. - 10700 8000 7050 
Lima Seric syph. .. 10000 6850 11300 
Jorge 0 .-| Primary syph. os 10250 6950 10600 
David we .-| Primary syph ° 13700 9950 8100 
L. A. Siqueira ..| Primary syph ; 22450 11000 11200 
Queiroz ee .-| Sec. syph. 9200 8850 5850 
A. Jorge oe .-| Primary syph oe 9000 7450 10550 
Madeu, T. oe --| Seric syph. . 6250 3400 9050 
Paulina oe .-| Sec. syph. . 9800 5390 9900 
Ana F, Costa .-| Primary syph. ° 9050 7300 8200 

Résumé: In this series of 21 syphilitic patients treated by Neosalvarsan 


the initial leucopenia 


of d’ Amato was registered in 13 cases; 5 showed an 
initial leucocytosis and in 3 the count remained practically without alteration. 
The secondary leucocytosis of Gouin was seen only in 7 cases while 12 showed 
a secondary leucopenia and in 2 the number remained without alteration. 


Non-Syphilitic Patients treated by Neosalvarsan. 


vhs 4 hr. after |2 hrs. after 
Case Disease inj. inj. 
J (d’Amato) (Gouin) 
Antonia, B. .. .-| Rat bite fever os 5 5800 5250 
A. Santos aid .+| Malaria oe ne 3150 5800 6700 
Pundory as --| Malaria oe . 12000 8850 12000 
Filipe Franc .. .-| Tramautic Ulcer . 9550 7450 10500 
Joao Baptista --| Wound os . 3400 4250 4200 
Sevilha ..| Fracture 5050 5800 5200 
Résumé: In this series of 6 non-syphilitic patients treated with 


Neosalvarsan initial leucopenia was shown by 2 cases; 


by 4 
remained the same. 


initial leucocytosts 


; secondary leucocytosis by 3 cases, whilst in other 3 the count 
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Syphilitic Patients injected with Mercury. 
ris + hr. after | 2 brs. after 
Case Disease je ao inj. inj. 
(d’Amato)| (Gouin) 
Sheik Fakir -| Ancient syph. 12250 11400 15700 
David .| Primary syph. 10700 6700 10200 
Arzuna Seric syph. 5700 5650 5900 
Joaquim Tere. syph. .. 5300 3000 5500 
Hassan -| Seric. syph. .. 2250 4200 4300 
Estevan .-| Ancient + lupus eryth. 1950 3100 4500 
Santana .| Seric syph. 3900 2800 4850 
Carlota Seric syph. 4400 3250 3100 
Sertorio .| Seric syph. 4600 3800 2600 
Résumé: Among the 9 syphilitic patients of this series treated with 


mercury, 6 showed initial leucopenia, 2 initial leucocytosis, no alteration 1. 
As far as concerns secondary leucocytosis it was positive in 4, normal 


in 2 and replaced by leucopenia in 3 cases. 
Non-Syphilitic Patients injected with Mercury. 


(d’Amato)| (Gouin) 
Cachirama Gonorrhea .. 6300 5400 6250 
A. Rodrigues .. Dyspepsia 7000 5350 4400 
Bartolomeu Traumatism .. 4000 4250 6000 
Pascoela -| Perinevrrahy 4200 6250 7350 
Tukarama Wound 2600 5300 4400 
Rama Malaria 3200 3150 3300 
Sevilha Fracture 3900 2800 4850 
J. Rebelo .| Conjunctivitis 7200 4600 4800 
Résumé : 


Among 8 non-syphilitic patients treated with injections of 


mercury the results were: initial leucopenia 5 ; initial leucocytosis 2, normal 
1; secondary leucocytosis 3, secondary leucopenia 3, normal 2. 
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Syphilitic Patients injected with Milk. 

$ hr. after | 2 hrs. after 

Case Disease inj. 
J- | (d’Amato) | (Gouin) 
Carmelina Primary syph. 11250 10850 8250 
Isabel Tertiary syph. ‘ 9250 7900 5400 
Sheik Fakir Ancient syph. ° 11250 14540 11500 
Madeu, T. Seric syph. .. " 6200 3100 7050 
David ° Primary syph. , 7800 9200 7100 
Jorge oe Primary syph. ° 4350 6400 8050 
L. A. Siqueira. . Primary syph. P 7300 9850 7000 
Paulina +s Sec. syph. .. . 5800 5200 5600 
Ana F. Costa .. Primary syph. 5200 4800 5500 
A. Jorge os Primary syph. we 6200 5050 8000 
Paulina (again -| Sec. syph. .. e 4900 2400 2050 
Estevam os -| Ancient syph.+lupus 

eryth. oe ee 3800 2000 5450 
Queiroz Sec. syph. ° 6400 5060 6700 
Cipressian Seric syph. .. ar 7700 3000 8000 
Domingos Seric syph. .. 5000 4400 6900 

Résumé: In this series of 15 syphilitic patients injected with milk, 


the results were: initial leucopenia 10, initial leucocytosis 4, normal 1; 
secondary leucocytosis 6, secondary leucopenia 4, normal 5. 


Non-Syphilitic Patients injected with Milk. 


White cells -| # hr. after | 2 hrs. after 


before inj. | (q-amato)| (Gouin) 
Rama Gonorrhea .. 12250 11800 11900 
Filipe Traumatic Ulcer oe 6600 6450 10050 
Souza ° Wound on leg on 9500 4700 5000 
Xencora 4000 . 3000 3300 
S. Fernandes .. Dyspepsia 5500 4200 7200 
J. Baptista Wound . 3200 3200 4700 
Gabriel os Abcess we 7000 4400 5000 
Eugenio ona Dyspepsia 5500 5100 6050 
Résumé: The results of these 8 non-syphilitic patients injected with 


milk were : initial leucopenia 4, normal 4; secondary leucocytosis 4, secondary 
leucopenia 3, normal 1. 
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Syphilitic Patients injected with Anti-meningococcic Serum. 


(d’Amato) | (Gouin) 
David ms ..| Primary syph. as 6750 5200 5200 - 
Jorge ..| Primary syph. 8100 4500 4400 A 
L. A. Siqueira id Primary syph. ep 7500 5000 5800 F 
Paulina ..| Sec. syph. .. ..| 8900 6000 4400 
Ana F. Costa .. “4 Primary syph. 8800 €400 7800 
Santana gis ..| Seric. syph. .. ‘a 4350 3500 3000 I 
Carlota .-| Seric. syph. .. 2750 2900 4400 
Résumé: The results of these 7 syphilitic patients injected with anti- : 


mieningococcic serum (proteins) were: initial leucopenia 6, normal 1; 
secondary leucocytosis 1, secondary leucopenia 5, normal 1. ; 


Non-Syphilitic Patients injected with Anti-meningococcic Serum. 


(d’Amato)| (Gouin) 
J. Baptista .. .-| Wound an “a 5150 5900 6100 
F. Souza os ..| Grippe os ee 5900 4850 3500 
Tukaram .-| Wound 4400 1800 3600 
Nassimento .. ..| Epitheliom a 5200 4400 6800 
Madeu Old Age 5200 3800 6500 


Résumé: Of these 5 non-syphilitic patients injected with anti-meningo- 
coccic serum: initial leucopenia 4, initial leucocytosis 1; secondary leuco- 
cytosis 3, secondary leucopenia 2. 
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Leucocyto Reactions in the same Syphilitic Patients after the Use of 
Different Anti-Syphilitic Drugs. 
White cells | hr. after |2 hrs. after 
Name Disease before inj. inj. Drug used 
inj. (d’Amato)} (Gouin) 
A. Jorge .. Primary syph. 6900 8500 7900 | Neotrepol. 
A ane Primary syph. 9000 7450 10550 | Neosalv. 
Remedios Ancient syph. 5500 4600 6300 | Trepol. 
” Ancient syph. 6350 9600 8100 | Neosalv. 
Carmeliny ..| Primary syph. 6500 4000 9600 | Trepol. 
* se .| Primary syph. 11800 9200 8000 | Neosaly. 
Isabel .. Tertiary syph. 6900 5200 5300 | Trepol. 
e ee Tertiary syph. 8550 9750 7809 | Neosalv. 
Estevam .. Ancient syph. 
+Lupus eryth. 4800 3800 8700 | Neosaly. 
99 Ancient syph. 
+Lupus eryth. 3450 6000 3900 | Neotrepol. 
” Ancient syph. 
+Lupus eryth. 1950 3100 4500 | Mercury. 
Joaquim .. Tertiary syph. 7450 7050 5250 | Neosalv. 
- oe Tertiary syph. 7200 5900 2750 | Neotrepol. 
” oe Tertiary syph. 5300 3000 5500 | Mercury. 
Mota xe Sec. syph. 6750 2450 4500 | Neosaly. 
9% oe Sec. syph. 5250 3250 7500 | Neotrepol. 
Hassan .. Seric syph. 10700 8000 7050 | Neosaly. 
* dia Seric syph. 7400 7100 8200 | Neotrepol 
on wa Seric syph. 2250 4200 4300 | Mercury 
David... Primary syph. 13700 9950 8100 | Neosalv. 
os — Primary syph. 8050 5850 9300 | Neotrepol. 
om oe Primary syph. 10700 6700 10200 Mercury 
L. A. Siqueira Prim. wee 22450 11000 11200 | Neosalv. 
9% Prim. syph. 7850 8200 9600 | Neotrepol 
Queiroz Sec. syph. 9200 8850 5850 | Neosalv. 
= _ Sec. syph. 7400 7200 5700 | Neotrepol 
Ana F. Costa Prim. syph. 9050 7300 8200 | Neosalv. 
” Prim. syph. 8800 6450 7500 | Neotrepol. 


In this table are recorded the leucocyte reactions of the same patients 
after the injection of different anti-syphilitic drugs, in order to see whether 
the reactions were uniform and constant. 
intervals of at least 8 days to avoid any interference of the previous injection. 


The injections were made at 


On 12 syphilitic patients studied it was recorded: as far as concerns 
the initial white cell count made in half an hour the results agree in 6 patients 
and disagree in 6; as regards the secondary count (2 hours after) there 
is the same discrepancy: the results agree in 6 cases and disagree in 6 others. 
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Anti-Syphilitic Drug. 


Leucocyto-Reactions repeated on the same Syphilitic Patients with the same 


White cells| hr. after | 2 hrs. after 
' Name Disease before inj. inj. Drug used 
inj. (d’Amato)| (Gouin) 

L. A. Siqueira Prim. syph 22450 11000 11200 Neosalv. 

Prim. syph 8050 8000 10650 Neosaly. 

David Prim. syph 13700 9950 8100 Neosalv. 

- Prim. syph 9400 9800 11100 Neosalv. 
L. A. Siqueira Prim. syph. 7850 8200 9600 Neotrepol. 
= Prim. syph. 8200 10000 9600 Neotrepol. 

Arzuna Seric syph. 5700 5650 5900 Mercury. 

se Seric syph. 2750 4850 2600 Mercury. 
Paulina Seric syph. 10900 6600 10000 Neotrepol. 
és Seric syph. 7950 6500 7500 Neotrepol. 


Résumé: Even with the same drug the syphilitic patients show varia- 
tions on their blood reaction as in this series of 5 patients the initial count 
agrees in 3 cases, disagrees in 2 and the secondary count agrees in 4 and dis- 


agrees in 1. 
Conclusions. 


The leucocyto reactions of d’Amato and Gouin are neither constant nor 
specific. They are subject to individual variations which render them 
unreliable for the diagnosis of syphilitic infection. 


Acknowledgments.—Some of my students J. Sequeira, A. Rego, E. Afonso, 
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A CLOSE understanding of the manner in which the natural dissemination 
of an infectious disease occurs, is often helpful in elucidating the nature 
of the vector and in devising practical methods for an effective control of 
the disease under field conditions. In the case of sandal spike, a considerable 
amount of valuable information has accumulated not only on the mode of 
its incidence and spread under field conditions, but also on the probable 
nature of the vector, yet undetermined. 


It is recognised that spike-disease exhibits two types of spread, (1) the 
sporadic outbreaks affecting isolated patches of sandal far removed from 
any apparent sources of infection, and (2) the secondary attacks responsible 
for the radial spread of disease around the centre of primary infection. A 
number of primary attacks involving long distance flights of disease have 
been recorded in the official reports of the Forest Officers, the most remark- 
able instances of them (Table I) are cited by Lushington (1918). Rama Rao 


TABLE I, 
Distance from the 
Site of Primary attack nearest source of Year of attack 
infection miles 
1 Thalli .. 12 1915 
2 Tholwabetta 14 1915 
3 Mahadeswaranagudi ii 14 - 1915 
4 Kollimalais it oe 40 1915 
5 Javadis ‘ss a 100 1916 
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(1918) draws attention to the rapid spread of disease over localities far away 
from its original location and adds that as found by Mr. Muthanna in 
1902-03, “the disease was restricted to isolated tracts here and there in 
Hunsur Taluk and parts of the Mysore and Heggadadevanakote taluks adjoin- 
ing Hunsur”’. 

This discontinuity in the natural spread of spike has been so intriguing 
that many have doubted the infectious character of the disease. Hole (1918) 
contended ‘‘that the disease is not really infectious’’, on account of (1) “ the 
frequent occurrence of isolated cases of spike several miles from any infected 
trees’, and (2) ‘the fact that trees quite close to spiked individuals not 
infrequently remain free of spike for long periods”. Lushington was inclined 
to believe that the disease may be endemic in origin. Rama Rao (1918) 
has remarked that Coleman’s grafting experiments have only demonstrated 
“that the disease is communicable from tree to tree when in close organic 
contact, but they have not yet reached the stage of explaining the spread 
of disease in Nature from one area to another with an intervening unaffected 
space of many miles between”’ and is led “‘to be sceptical as to the contagious 
or infectious nature of the disease and to believe that, after all, it may be 
endemic and spontaneous’’. 


To explain this long distance “skip overs’’ of spike, many theories have 
been advanced. McCarthy (1918) believes that the infection is ‘‘ carried from 
spiked Zyzyphus and other species that have already spread to other areas”, 
but Lushington (1918) pertinently remarks that “even if we prove that sandal 
can be infected by other species, we still have to prove how the disease is 
caused in those species’. Coleman (1917) discussing certain possibilities 
of such isolated outbreaks of spike, refers to the probable carriage of infection 
through seeds. Although several experiments in seed testing have been 
carried out by a number of Forest Officers, the question has not heen studied 
critically. Seeds from the spiked portion of a partially spiked plant, drop- 
ping off prematurely, do not germinate while seeds from the healthy portion, 
ripen to full maturity and on germination, give rise to healthy plants. 
Lushington (1918) has recorded a few germination tests; but the cause of 
the death of the plants raised has not been noted and no sign of spike was 
observed. Germination tests of Hart and Rangaswami (1926) revealed all 
the seedlings which succeeded in establishing themselves continued healthy. 
No explanation has, however, been offered for the large number of seedlings 
which died during their experiments. 

Recently, Bewly and Corbett (1930) have obtained 6-04 per cent. of 
infected seedlings—a result which could not be so far secured by standard 
methods. Experimenting on the seed transmission of the “Y” potato virus 
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in Solanum nigrum, Smith (1933) records successful transmissions with ripe 
but undried seeds which, on desiccation, appeared to lose their infective power, 
indicating that the virus was “either adsorbed to the outside of the seed 
coat and could not be removed by washing or was enclosed within the seed 
coat and was inactivated by desiccation’. Duggar (1930) discussing the 
problem of seed transmission of tobacco mosaic attributes the failure to 
transmit the disease to the adsorption and inactivation of the virus by the 
reserve proteins of the seed. The bean mosaic is known to be transmitted 
through seeds and a number of other instances of seed transmissions, like the 
mosaics of Dolichos biflorus, Pisum sativum and Cucumber, have recently 
been reported. 


Sandal spike appears to be seed borne.—Our germination tests revealed 
(1) that generally seeds derived from the spiked portion of a partially spiked 
plant did not give rise to any seedlings, while (2) those from the healthy 
portion gave rise to seedlings which have since remained perfectly healthy. 
That these plants neither carry nor mask the infection was proved by grafting 
and defoliation tests. This is a result to be expected in view of the fact that 
spike virus has been definitely shown to be localised (Sreenivasaya, 1930) 
in certain portions of the plant and that spike is not a systemic disease in 
the strict sense of the term. Seeds if affected in the very early stages of 
maturity dry up and do not germinate. 

In one instance, however, the seeds were obtained from an artificially 
grafted plant whose fruit-bearing branch manifested symptoms of disease 
when the fruits were in advanced stage of maturity. These seeds on germina- 
tion gave rise to two spiked plants which died two months after. This is the 
first instance of seed transmission of spike, a possibility long suspected by 
various workers in the field. Seeds of established maturity should be collected 
on a more extensive scale from spiked plants in forests and the virus-bearing 
character of the seeds determined by germination tests. As Ray Nelson (1932) 
points out with regard to the seed transmission of bean mosaic, the percentage 
of infection among such sandal seeds may turn out to be very small and 
irregular. In all such cases even a single positive result should be considered 
significant and justify the enforcement of appropriate precautionary measures. 

The primary attacks can now to a certain degree be explained by the 
possible carriage of such seeds through birds or animals, and seeds ordinarily 
not capable of germination may germinate easily by their passage through 
the alimentary canal, where the virus-bearing seeds might even acquire 
greater virulence. The possibility of the carriage of seeds through the agency 
of birds and animals has been recognised by Coleman, I,ushington and others. 
Hearsey (1918) records that ‘‘the flying fox carries the fruit and eats and 


; 
| 


146 M. Sreenivasaya and S. Rangaswami 


deposits the seed at long distances”. Lxcreta of monkeys and wild cats have 
been found to contain sound sandal seeds possessing a high germinating 
power. Seeds of Zyzyphus enoplia are disseminated through animals and 
birds in a similar manner and since the Zyzyphus spike is found to be seed 
borne by us, its spread may be explained by the carriage of seeds in this 
manner. 

The possibility of infection through pollen has been invoked by Hart 
and Rangaswami (1926) because of the fact that spike is spreading in an 
East-North-Eastern direction corresponding to the general direction of the 
prevailing winds during the south-west monsoon. They further observe 
that sandal plants under natural conditions have never become spiked before 
flowering but no experimental transmisions have so far been achieved through 
pollen, and recently a number of young sandal plants have got spiked under 
natural conditions before flowering. It is therefore highly improbable that 
the disease is carried through this agency. 


Insect Vector of Spike.-—McCarthy (1918) observed that insects may act 
as carriers and from the nature of the spread of infection thought the insects 
had only a short radius activity. His opinion was based on the fact that 
the spread of disease had been temporarily checked by clearing a belt of sandal 
and Zyzyphus enoplia. Lushington looked upon the insects as the direct 
cause of spike since he found spike-like symptoms on several species of plants 
closely associated with insects ; further Hearsey (1918) produced spike-like 
growth in Argyreia cuneata with the aid of the red spider, which has been 
found to be “distributed by wind, coolies’ clothes and probably by other 
agencies among which Mr. Hearsey mentions herds of cattle’. Coleman (1917) 
held that insects are not the originators but merely the carriers of the virus. 


A considerable amount of indirect evidence has accumulated strongly 
pointing to the existence of an active insect vector responsible not only for 
the long distance disseminations of disease but also for the gradual spread of 
infection in a given area. The comparative sluggishness exhibited by insects 
need not necessarily be opposed to its long distance flights with the aid of 
winds, birds and other animals. Chapman (1926) draws attention to the 
important réle played by the horizontal and vertical air movements, in the 
dispersal of insect fauna and fungi. Spores of fungi have been found at an 
altitude of 11,000 ft. and are reported to be often carried from Kansas to 
Wisconsin. Pollen grains have been found at a height of 16,000 ft., swarms of 
mosquitoes at 3,000 ft. and grasshoppers at 2,000 ft. (Felt, 1925); young 
larvee had been carried across Cape Cod Bay, a distance of 19 to 30 miles. 
Quayle (1916) found that the young of the black scale, Saisethia olea, is 
distributed by the wind from one block of trees to another. 
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Elton (1927) refers to a few remarkable instances of long distance carriages 
of aphids and hoverflies with a strong gale of wind fora distance over 
hundred miles. He also refers to animals and other agencies constituting 
the means of transport for a great many species of other forms of animal life. 
Hautefuille (1926) records instances of lac insects being ‘‘accidentally trans- 
ported to long distances, isolated colonies of coccus lacca having been found 
here and there as far as La-pho”’. Hautefuille and Mahdihassan have both 
observed that certain flies frequent the colonies of coccus during the time of 
swarming, entangle themselves with the larve and help their dissemination. 
The lac insect is also carried by strong winds and through the agency of birds. 

Dover (1931) refers to the construction of an “elaborate insect trap 
for studying the effects of wind directions on the dispersal of insects in sandal 


areas’’ but at the moment we have no access to the results which would be 
most valuable. 


The next observation of importance in the natural spread of spike is 
that the disease mostly attacks trees which are situated in denuded areas 
and enjoy exposed positions. Further, these attacks have occurred in close 
proximity to agricultural fields and colonies. Lushington (1918) noticed 
that the first outbreaks of spike often occur in “exposed positions”. In 
the case of the Javadis, spike appears to have developed first at the South- 
West corner which is the most exposed position of the forest. ‘ In this 
connection he discovered to the west of the area some waste fields which were 
cultivated some years back.’’ Rama Rao (1918) observes that ‘when the 
disease puts in its first appearance in undulating country, the trees first affected 
are those growing on exposed knolls or ridges with hard and strong soil’, 
which has been largely confirmed by our own observations. In Coorg two 
primary attacks in artificially raised sandal plantations, Meenkolli and Bam- 
bookadu, appeared at the very edge of the plantation. Mitchell and 
Rangaswami (1931) record a number of “‘sites of initial attack’’ occurring 
in close proximity to cultivation and the outbreaks have occurred almost 
invariably at the edge of cultivation which also offers an “exposed position’”’. 
Sreenivasaya (1931) cites a number of instances of primary attack in Mysore 
and North Salem which have occurred at the “edge of cultivation’’. 

The frequent association of agricultural fields and abandoned sites of 
cultivation with the primary outbreaks of spike is an observation, the 
significance of which has been discussed at some length by Sreenivasaya and 
Rangaswami (1931). The association of agricultural operations and settle- 
ment of colonies in a forest area results in a denudation of the area, establish- 
ment of new crops, new weeds, new diseases and new insects which may be 
disseminated by herds of cattle grazing in the forests close by. Sreenivasaya 
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and Sreenivasa Rao (1931) state that the weeds invading the area suffer from 
mosaics and leaf curls, significantly absent from healthy areas. Several of 
them were found associated with aphids and Jassids. 


To determine if the leaf curls and mosaics of weeds had any connection 
with spike, grafting tests on sandal were carried out, employing the diseased 
leaf tissue. There was no transmission of any disease symptoms on the 
operated sandal plant. The transmission of one of these diseases including 
“spikes” of other species through the agency of an insect vector, should, 
however, be suggested as a possibility. But the parallel spread of these 
diseases with the spread of spike, however, is highly suggestive. 


‘The most important among the weeds considered to influence the incidence 
and spread of spike is Lantana. McCarthy (1918) thought that Lantana 
influenced if at all the spread of spike in an extremely indirect manner. 
He cites instances of spike outbreaks in areas in Kollegal and North 
Coimbatore, where not a single lantana plant existed. He also refers to 
perfectly healthy areas in which sandal is associated with heavy growths 
of lantana. L,ushington (1918) considered lantana as a “harbourage for 
insects harmful to sandal and urged a systematic search for the vectors of 
infection”. ‘Tireman’s (1918) experiments on the effect of lantana removal 
on the incidence of spike led to a significant diminution in the number of 
attacked trees. Hart and Rangaswami (1926) confirmed these results but did 
not offer any explanation. Sreenivasaya and Rangaswami (1931), as a result 
of their ecological studies, showed that lantana is fifteen times as abundant 
in spike areas as in a corresponding healthy area, and discuss the réle of 
lantana in predisposing sandal areas to disease. (1) The aggressive spread 
of lantana suppresses the growth of the comparatively slow-growing and deep- 
rooted species having considerable host value to sandal; (2) Owing to its 
shallow root-system and its being one of the earliest to shed leaves with the 
approach of drought, lantana does not provide the sandal parasitic on it, 
with a continuous and unfailing supply of nutrition; (3) Lantana is easily 
susceptible to fires, especially during hot weather, and thus contributes towards 
a greater frequency of fires in the area leading to a gradual annihilation of 
all the species useful to sandal. A few areas in Jowlagiri, in fact, represent 
practically a pure patch of lantana with a few Acacias and sandal plants 
struggling in their midst ; (4) Insects are found to increase in lantana-infested 
areas in both variety and abundance; (5) Bird-life which would tend to 
restrict an abundance of insect fauna, is scarce in lantana-infested areas, 
as the areas become unattractive to birds due (a) to scarcity of food and 
(b) to danger from fires ; and (6) The toxicity imparted to the soil by lantana 
growth affects the growth of other plants in the areas. 
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Continual weeding out of lantana brings about a remarkable change 
in the floristic composition of a given area. The ecological change brought 
about by the keeping down of lantana in Cairn No. 53 at Jowlagiri during 
the last 10 years, may be cited in this connection. 


TABLE II. 
Number of plants 
Natural order 
Lantana-free 
1 Acanthacex ou 61 2 
2 Apocynacee 14 0 
3 Bixacee 99 11 
4 Capparidacee ‘ig 9 3 
5 Combretacee 8 0 
6 Convolvulaceer 108 0 
7 Diascoreacezr Pee 31 2 
8 Ebenacee 26 3 
9 Euphorbiacee 82 3 
10 Leguminocee 99 17 
11 Liliacez 92 7 
12 Lythracez oe 6 0 
13 Melastomaceze 108 15 
14 Meliacez 9 0 
15 Moracez 11 2 
16 Oleacee 809 111 
17 Rhamnacez 140 30 
18 Rubiacez 139 23 
19 Rutaceze 162 3 
20 Sapindacee 26 0 
21 Tiliaceze 27 0 
22 Verbinaceze 14 1 
23 Lantana 0 2303 
TOTAL... 2,080 2,536 


A comparative floristic survey of the two areas (Table II), lantana-free and 
lantana-infested, has revealed that out of the 21 natural orders occurring in 
the areas, 7 are exclusive to the lantana-free area; about 4 or 5 of them 
are practically absent from the lantana-infested area; with regard to the 
common species occurring in both the plots, there is a decided preponderance 
of them in the lantana-free plot which one can easily observe to be well stocked 
not only with sandal but also with host trees. 


Insect Scars and their Significance.—Extensive observations have been 


made on the incidence of scars (first observed by Rangaswami) inflicted by 
7 ¥ 
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insects and other fauna associated with sandal areas. These scars were 
found not only on sandal but also on other species like lantana, Scutia indica, 
Zyzyphus enoplia, Acacia pennata, Pterolobium indicum, Odena sp.(?). It 
was found that Erythroxylon monogynum and Memicylon edule were sparingly 
attacked. 


Fresh scars in large numbers commence to appear about the first or second 
week of April, usually after the first heavy showers, and continue to be inflicted 
on the young shoots of sandal until the end of the following July. Further, 
scars are inflicted mostly during the early hours, before dawn; this is a 
significant observation helpful in determining the vector of spike. 

It has been suggested that the number of scars in a given area may be taken 
a rough measure of the relative abundance and activity of insect fauna 


obtaining in spiked and healthy areas. It should, then, be possible to 
correlate disease incidence with scars. 


TABLE III. 


Healthy areas Spike areas 


Mahadeswarangudi, N. Salem 218 Sameri grafting plot, Aiyur, 


N. Sal ea .. 2,085 
Devarabetta, N. Salem 180 
Thalli R.F., N. Salem 
Meenkolli, Coorg 
Chinnanahalli, Coorg .. 593 
B C 
Tittimatti, Coorg 
Doddamalathe, Coorg .. 102 (Fresh outbreak) .. 315 


It will be seen from Table III that per 100 ft. length of shoot examined, 
the healthy areas, in general, have a lower number of scars than the corres- 
ponding spike areas. Lantana removal lowers the incidence of scars on sandal 
and the same holds true in the case of areas well stocked with host plants. 
This does not necessarily mean that there is a corresponding decrease in insect 
population ; it may be due to the fact that the insects are provided with 
other hosts of equal, if not superior, food value. These observations have a 
practical bearing in the control of spike and should be confirmed by more 
extended studies. 

Platform Experiments.—In November 1931, one of the sandal plants, 
two years old, artificially regenerated at Jowlagiri got spiked, and this attack 
was followed by others in the same area. During the same period it was 
observed that the disease was spreading in an epidemic form in almost 
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all the observation and experimental areas in North Salem. There was thus 
a fine opportunity to obtain more information regarding the vector. Experi- 
ments were accordingly carried out in Sameri grafting plot where the infliction 
scars and the incidence of spike were progressing ina particularly virulent 
form. 

Platforms (distributed at random) were erected in the area, to the height 
of the lantana bush. Batches of 16 to 18 pot-cultured sandal plants, raised 
from seeds collected from perfectly healthy sandal plantations, were periodic- 
ally sent to the area for being kept on the platforms for a definite period, 
after which they were replaced by another batch of new plants. These plants 
which were exposed to infection on platforms for a period, were brought 
back to Bangalore (50 miles away) and kept in the nursery of the Institute 
free from any natural infection. These experiments were continued till 
July 1933 and the results are given in Table IV. 


TABLE IV. 
1 April-June 1931 2 
2 April-June 1932 2 
3 October-December 1932 .. ie 2 
4 April-June 1933 = = 1 


It is clear from the table that April-June appears to be the principal 
season during which the natural infection proceeds in forests, while a second 
season of infection during October-December is also indicated by the results. 
April-June, as has been shown previously, is also the season during which 
fresh scars are inflicted on sandal. 

Among the batches of plants exposed to infection during other periods 
of the year, there has been no incidence of spike in spite of the defoliation 
carried out to force out the masking symptoms if any. None of the plants 
kept on the ground within the lantana bush got spiked. 

This result establishes (1) that agencies responsible for natural infection 
operate above ground and are active and virulent during the period April- 
June, (2) that an intensive entomological survey during this period during 
the early hours before dawn, should prove fruitful in determining the vector, 
and (3) that the vector is possibly screened off by the bushy growth of lantana, 
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thus confirming the observation made by previous investigators, that a sandal 
plant under cover has, so far, not been found spiked. 


Experiments on the Caging of Sandal Plants.—The screening effect of 
the lantana bush suggested that an artificial caging of the sandal plants might 
effectively ward off the vectors and prevent spiking. 115 healthy plants 
were accordingly selected for the purpose in the 6-acre regeneration plot 
at Jowlagiri and caged in March and April 1932 with muslin reinforced with 
a bamboo structure. The plants had been previously defoliated and shown 
to be free from masked symptoms of disease. After caging they were all 
fumigated with Chloropicrin. The large number of plants interspersed 
among the caged plants served as controls. One of the caged plants was 
found to be spiked on 26-6-1932, about 2 months after caging, which is 
obviously due to an infection before caging ; while 22 among the control 
uncaged plants had got spiked. By July 1934, i.e., after two years and four 
months, it was found that none of the caged plants had got spiked while 
13-4 per cent. of the control plants succumbed to the disease thereby showing 
the effectiveness of caging. Similar experiments in the Nognoor area confirm 
the above findings, 9-5 per cent. of the uncaged and none among the caged 
plants having got spiked. 

Grafting under Sylvicultural Conditions on Big Sandal Trees and Iis 
Significance.—Grafting of big sandal plants in various girth classes was 
carried out in the Kenilworth Castle area, mainly with the object of determin- 
ing the incubation period in various girth classes and to find out if there was 
any difference in the resistance offered by sandal plants at their different ages 
of growth. The selected trees were grafted in May 1932, each plant receiving 
a dose of 4 patches and 4 leaves. The plants succumbed to the infection 
with unexpected rapidity, the average incubation period (the period elapsing 
between infection and manifestation of disease) being 92 days. About 80-100 
milligrams of fresh tissue was found effective in spiking even big trees, if the 
tissue were placed at the vulnerable point and grafted during the susceptible 
season. It has been found that April, May and June are usually the months 
during which the sandal plant appears to be most susceptible to infection. 
This is corroborated by the experiments on the monthly graftings of pot- 
cultured sandal plants in the Institute nursery. The dosage of infective 


material for successful spiking is so small that its carriage by insects is not 
improbable. 
Summary. 


1. The discontinuity in the natural spread of the disease and the conse- 
quent occurrence of isolated outbreaks of spike in areas far removed 
from all apparent sources of infection is explained on the basis of the possible 
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dispersal of (1) the virus-bearing seeds and (2) the viruliferous vectors, whose 
long distance transport is facilitated by wind and other agencies. 


2. The possibility of spike virus being transmitted through seed has 
been experimentally indicated and explained in the light of the recent work 
of Bewly and Corbett, Duggar, Ray Nelson, Smith and others. A more 
extended study of this question is suggested. 


3. The frequent association of agricultural fields or abandoned sites 
of cultivation with the primary outbreaks of spike, has been established in 
almost every case that is examined. The denuding effect of agricultural 
colonies and their operations on the forests close by and the exposed positions 
which sandal plants occupy in consequence, are suggested to predispose the 
sandal plants to disease. 

4. The parallel spread of mosaics and leaf-curls among the associated 
flora (weeds) with the spread of spike is highly suggestive and indicates that 
the environment is favourable for the multiplication and spread of viruliferous 
vectors. 

5. The réle of lantana in relation to spike disease is discussed. 


6. Attention is drawn to the occurrence of insect scars during the months 
of April, May and June, and its usefulness, as a measure of insect activity 
in a given area, indicated. 

7. The season during which the vector is most active and virulent, 
has been determined by the platform experiments extending over two years. 
The results show that the period April-June is the principal season during 
which the natural infection vigorously proceeds in forests, while a second 
season of infection during October-December is also indicated by the results. 


8. Experiments on the caging of sandal plants growing under sylvi- 
cultural conditions in a highly infected area, show that caging will effectively 
screen off the vectors. The fact that none of the caged plant has succumbed 
to the disease during a period of now over two years, shows that root transmis- 
sion plays a very minor réle in the spread of spike under natural conditions. 


9. Experiments on the grafting of big sandal trees have shown that even 
small doses of infective tissue (80 to 100 milligrams), if introduced at the 
vulnerable point during the susceptible season, are adequate to spike even 
big trees of sandal. The quantity of the material is so small that its carriage 
by a swarm of insects is not improbable. 

10. April-June appears to be the most critical period in the life of 
the sandal plant. During this period insect fauna becomes visibly active 
in sandal forests and there is a heavy infliction of scars on the tender shoots 
of sandal. The sandal plant is most susceptible to infection during this 
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period and if a practical means could be found to protect them during these 


months, there is every chance of the plants remaining “safe 


of the year. 


” 


for the rest 
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INVESTIGATIONS ON THE ROLE OF ORGANIC 
MATTER IN PLANT NUTRITION. 


Part IV. Chemical and Biological Transformations attendant on the 
application of Cane Molasses to Swamp Soil. 


By T. R. BHASKARAN, B.Sc., G. NARASIMHAMURTHY, M.Sc., 
V. SUBRAHMANYAN, D.Sc., F.1.C., anp B. A. SUNDARA IYENGAR, B.SC., 
Department of Biochemistry, Indian Institute of Science, Bangalore. 
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DuRING recent years, a number of enquiries have been directed to the study 
of the decomposition of organic matter in the soil. Considerable amount 
of valuable information relating to the formation of plant food under different 
conditions and its bearing on crop production has been obtained. In spite 
of these useful advances, our knowledge of the mechanism of the related 
processes is still comparatively meagre. This is particularly so under condi- 
tions of dry cultivation in which the changes are so rapid that the 
intermediate products cannot be easily followed. Thus, the stages through 
which a cellulosic material has to pass prior to oxidation to carbon dioxide 
are still obscure. In a like manner, the various steps that lead to the trans- 
formation of an organic manure into fertilising ingredients such as potash 
and phosphate are yet largely unknown. The position with regard to swamp 
soils is somewhat better defined. Some of the intermediate products are 
known (Harrison and Iyer, 1913, 1914; Subrahmanyan, 1929). Evidence 
has also been obtained to show that the products of decomposition play a 
part in the dissolution of minerals (Ramaswami Sivan, 1925) and in deter- 
mining the composition of the different mineral fractions of the soil (Sreeni- 
vasan and Subrahmanyan, 1934). More detailed information is nevertheless 
wanting regarding the different products of decomposition and their bearing 
on the release of plant nutrients from the soil. 

The study of the decomposition of cane molasses presents certain unique 
features of academic as well as practical interest. Being essentially a mixture 
of readily fermentable sugars with a small percentage of minerals and 
nitrogen, its application to soil raises various problems of fundamental impor- 
tance. The nature of the agents that are responsible for the decomposition, 
the type of products that are formed and their influence on various soil 
constituents and on general plant growth bring the practice of molasses 
fertilisation into a class different from most others in common use. On the 
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practical side, the interest in the research lies in the fact that the abnormally 
rapid development of the sugar industry in different parts of the World, and 
more recently in India, has rendered the disposal of the by-product, molasses, 
an acute problem (Subrahmanyan, 1933). Perhaps the cheapest method of 
disposal and, at the same time, a convenient way of returning to the soil a 
large part of the fertilising ingredients removed by the cane would be to 
utilise the surplus molasses as-a fertiliser. The extensive field experiments 
conducted in Java, Hawaii, Queensland, Natal and elsewhere would, in fact, 
show that, under favourable conditions, large increase in crop yield may thus 
be obtained. The researches of the Java workers have also shown that the 
fertilising value of molasses is largely due to the sugars present init. It is 
hardly probable, however, that the sugars could have any direct influence 
on plant growth. The previous workers (De Sornay, 1919; Tempany and 
Giraud, 1924; Heck, 1929 and 1930) have drawn attention to the fact that 
they are mostly decomposed within the first few days after application of 
molasses to soil. This observation combined with the fact that at least a 
few weeks have to lapse between manuring and planting would show that 
the fertilising action is due to the products of decomposition of molasses in 
the soil. The latter include different organic acids and gases, the precise 
nature and behaviour of which have not yet been systematically investigated. 
Some of the micro-organisms associated with the decomposition of molasses 
in the soil have been described by previous workers (Tempany and Giraud, 
loc. cit.; Kerr, 1932), but further information is needed before the réle of 
those and other organisms in the production of plant food can be defined. 
It is known that the immediate products of decomposition, especially when 
the molasses is applied in large quantities, are toxic to plant growth 
(Arrhenius, 1929; Kerr, loc. cit.). The nature of the toxic materials and the 
manner in which they function are still obscure. It need hardly be pointed 
out that this aspect of the problem is of considerable practical importance 
and requires thorough investigation. The conditions relating to the appli- 
cation of the molasses should be so standardised that the formation of the 
toxic materials is either avoided or, at any rate, reduced to such an extent 
that crop yield is not affected. In addition to these, there is also the need 
to study the economy of carbon and nitrogen at various stages during 
decomposition and to devise means to conserve the two constituents, as far 
as possible, in the soil. The present enquiry was undertaken with the object 
of throwing some light on the above and related problems. 
Experimental. 


Materials.—The soil used in the present study was a red, sandy loam of 
the type commonly met with in many parts of the Deccan plateau. It was 
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collected from an uncultivated area where there was no vegetation except 
for a few occasional weeds. The samples were taken to a depth of 9 inches 
and brought to the laboratory where they were mixed together to make one 
composite mass and spread out to dry. The air-dried prodyct was freed 
from adhering roots and other plant residues and then ground to pass the 20- 
mesh sieve. Since the powder thus obtained represented a wide range of 
particle sizes, it was re-sieved through the 30-mesh. The particles then 
remaining on the sieve were used for the biochemical studies described 
in the present paper. 

The soil was analysed for its mechanical composition and the various 
chemical constituents. The former was determined according to the Inter- 
national method (A.E.A., 1926) and the latter generally according to A.O.A.C. 
(1930) methods. Total nitrogen was estimated by a method of wet digestion 
(Sreenivasan and Subrahmanyan, 1933) and total carbon according to the 


modified method of Narayanayya, Bhagvat and Subrahmanyan (1934). The 
following were the results :— 


Mechanical Composition. 


Item Per cent. | Item Per cent. 
Coarse sand 33-4 Silt 
Fine sand .-| 26-4 Clay 26-4 


Chemical Analysis. 


Percentages Percentages 
Item on air-dry Item on air-dry 
basis basis 
Moisture 3-84 Total Phosphoric acid 
(P,0,) 0-02 
Loss on ignition (on 
oven-dry material) .. 3-19 Total potash (K,O) .. 0-22 
Total carbon .,. oa 0-72 Total lime (CaO) es 0-10 
Total nitrogen .. a 0-04 Total Silica (SiO,) wa 77°76 
Iron and alumina 
Total carbonate ‘2 Nil (Fe,O, + Al,O,) 13-75 
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Parts per 

Million 
Ammonia (as N) “s 3-0 

Numbers of Micro-organisms (in 1 g. of soil)— Millions 
Bacteria (Waksman, 1922) an 15-6 
(Thornton, 1922) 9-0 
Actinomyces (Ganesha Rao and Subechenenyen, 1929) - 0-2 
Fungi (on wort agar) .. 1-6 


Py (colorimetric) .. on 6-8 


The molasses used in the present research was a solidified product origi- 
nally imported from Java. Its composition, as determined according to 
A.O.A.C. methods, was as follows :— 


Percentages Percentages 
Item on moisture- Item on moisture- 
free basis free basis 
Loss on ignition ee 89-84 Total — acid 
(P,0,) 0-12 
Total carbon 30-70 Total potash (as K,O).. 4-20 
Total nitrogen .. ou 0-35 Total lime (as CaO) .. 1-72 
Sucrose 34-20 Total silica (SiO,) 0-44 
Reducing sugars (as Iron and alumina 
invert sugar) 24-70 (Fe,0, +- Al,O,) 0:44 
P; (colorimetric) .. os 5-3 


The molasses was applied to soil as follows :—The dry soil was weighed 
into a suitable glass container and the molasses (in solution) added in 
quantity corresponding to 1 per cent. on the weight of the soil (about 10 tons 
per acre). The soil was then treated with two and a half times its weight 
of water which proportion was found to be sufficient to keep it well submerged 
and to yield useful quantities of supernatant for different types of chemical 
and biological studies. The containers were then plugged with cotton wool 
and the suspensions kept in wire gauze cages sheltered from rain but other- 
wise exposed to the prevailing weather conditions, 
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Meteorological Observations.*—The researches described in the present 
paper were carried out from the beginning of March to the end of August 
1934. The earlier part of the season which corresponded to that of a severe 
cold wave which swept through North India showed certain unusual features. 
The days were fairly warm (Max., 85-88°F.), but the nights were compara- 
tively cold, the temperature dropping by about 30°. The relative humidity 
also became low falling by about 50 per cent. This condition lasted, however, 
for only a few days after which warm weather set in, the temperature reaching 
a maximum of about 98° F. during the months of March, April and May. The 
days were also bright, the hours of sunshine ranging from 7 to 10. With the 
outbreak of the South-West Monsoon in the beginning of June, there was 
marked change in the weather conditions. Occasional showers of rain helped 
to lower the temperature, the maximum rarely exceeding 85°F. The average 
relative humidity increased to over 80 per cent. while the frequently clouded 
sky reduced the hours of sunshine to an average of about 4 per day. The 
total rainfall was, however, rather poor and did not aggregate to more than 
4 inches in any month. 


Viewed from the biological point, the earlier part of the season with its 
wide range of temperature might have been somewhat unfavourable to the 
progress of decomposition. The warm weather which followed would have 
been quite helpful while the cooler monsoon period should have slightly 
retarded the subsequent transformations. It is hardly probable, however, 
that the effects of the season were so pronounced at any time as to seriously 
affect the course of the reactions. 


Decomposition of Sugars.-The determinations were carried out on 
separate lots of soil suspensions each made up of 50g. of soil, 0-5 g. of molasses 
and 125 c.c. of water. The sugars together with other soluble substances 
were first separated by filtration. The filtrate was clarified with alumina 
cream which was found to be the most suitable for the purpose (vide 
Subrahmanyan, 1929). The sugars were estimated by the Bertrand method 
both before and after hydrolysis. The hydrolysis was carried out according 
to a modification of the original Clerget method, it being found that less 
caramelisation occurred on heating with dilute acid (10 c.c., 5 per cent.) for 
1 hour than with concentrated acid for 5 minutes. The results have been 
presented in Fig. 1. 


It may be noted that during the first 48 hours there was no 
appreciable change in the sugar content. After this period, there was 


* The data were obtained through the courtesy of the Meteorologist to the Govern 
ment of Mysore to whom the authors’ thanks are due, 
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Reducing Sugar in terms of Permanganate (c.c. N.) 


0 12 24 36 48 60 72 84 96 108 120 132 144 
Hours 


Fic. 1. Decomposition of Sugars 
Before hydrolysis @---© After hydrolysis 


very rapid fall, the rate being fastest between 72 and 96 hours. Both 
sucrose and invert sugar were affected to nearly the same extent. 
This was only to be expected since parallel studies had shown that the 
associated micro-organisms secrete invertase. It was mostly invert sugar 
that was fermented after 72 hours. After about 90 hours there was an 
apparent anomaly, the reducing matter before inversion being greater than 
that after hydrolysis. This observation suggested that the reduction observed 
at that stage was not so much due to sugars as to some other substance which 
reacted with Fehling’s solution but was either volatilised or decomposed on 
heating with dilute mineral acid. Later observations showed that the 
reducing substance was acetaldehyde which was present in minute quanti- 
ties during the first few days of decomposition. In view of this finding, it 
may be concluded that the decomposition of sugars was practically complete 
at the end of 96 hours. 


Hydrogen-ion Concentration—This was determined colorimetrically, 
a Hellige comparator being used for the purpose (Fig. 2). The reaction 
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remained more or less constant (about Py, 7-0) for 42 hours after which 
there was a rapid fall to Py 6-0 at the end of 48 hours. Further change 
which was spread over a number of days was rather slow, but a Py of 5-0 


7.25 


7 


6.5} 


4 24 48 «72 «9 120 14412 17 23 28 33 38 43 48 53 58 63 68 73 78 
Hours Change of Scale Days 


Fic. 2. Hydrogen-ion Concentration 


was attained by about the 28th day. After being steady at that level for a 
few days, the reaction tended to become less acid, the Py, becoming 5:9 on 
the 7lst day. Subsequent change was not pronounced and has therefore 
not been recorded. 


Buffering Capacity—This was measured by determining the quantity 
of alkali (c.c. N/10) required to shift the Py over a constant range, 6-8—8-0 
which correspond to the colour changes of bromothymol blue and phenol- 
phthalein respectively. The supernatant (5c.c.) was first adjusted to P,, 
6-8 by addition of the necessary quantity of acid or alkali as the case may be 
and then titrated in the usual way until P, 8-0 was attained. The quanti- 
ties of alkali required at different stages for unit shifts of Py have been 
presented in Fig. 3. 


In the early stages, the buffering capacity was comparatively low and 
remained more or less the same for the first 66 hours after which there was 
rapid increase, attaining a maximum (4-3 c.c.) by the 126th hour. After 
being again stationary for about a week, it then declined at a fast rate reach- 
ing ultimately such a low figure that it was not measurable on the 71st and 
77th days. 
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Fic. 3. Buffering Capacity 


The estimates for H-ion concentration, together with the corresponding 
buffering capacities, are of some practical interest. They show that in the 
early stages, especially between the 5th and the 12th days, the reaction of the 
soil cannot be easily disturbed, so that the acids, together with the buffer- 
ing salts, will exercise a definite physiological influence on the crop which 
may then be growing. Since there is evidence to show that the materials 
then present in the soil are toxic to plant growth, the present practice of 
allowing the soil to rest for a few weeks is justified on this account. After 
the 12th day, although the reaction is still acid, the buffering capacity dimi- 
nishes so rapidly that even a slight disturbance in the soil system would 
suffice to restore the neutral condition. 


Carbon Dioxide——The soil (50 g.) was weighed into a number of conical 
flasks (cap. 200 c.c.) and treated with appropriate quantities of molasses 
and water. The fermentation was then allowed to proceed in the usual way 
and the CO, produced estimated under three heads: (a) given off as 
vapour, (b) present in the space above, and (c) dissolved in the supernatant. 
The first was trapped in alkali in the ‘usual way. The second was 
displaced by CO,-free air and estimated separately. There was some diffi- 
culty, however, in determining the gas present in solution. The quantities 
were so small that none of the commoner methods could be applied with 
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satisfactory results. After a number of trials, the following procedure was 
adopted.—An aliquot (10 c.c.) of the supernatant was carefully pipetted out 
into excess of standard alkali without in any way disturbing the liquid layer. 
The unused alkali was then estimated in the usual way. Another aliquot 
of the liquid was transferred to a small beaker diluted with excess of water 
(125 c.c.) and boiled for 1 minute so as to drive off all dissolved carbon dioxide. 
The same quantity of alkali was then added to it and the unused quantity 
determined as before. The difference between the back-titre values thus 
obtained would correspond to the carbon dioxide present in solution. The 
significance of the above procedure is evident. The first estimate would 
correspond to carbon dioxide in solution plus such substances in solution as 
could react with the alkali. The second one would provide the correction 
for the latter. The accuracy of the method was tested by applying it to 
soil suspensions containing known quantities of carbon dioxide in solution 
and it was always found to yield accurate results, even in presence of volatile 
fatty acids. By suitable dilution and restricting the time of boiling, it 
was possible to reduce the loss of such acids to a negligible figure. 

It was noted that the estimates for carbon dioxide passing out of the 
experimental flask and that was present in the space above were discrepant 
when determined individually, but yielded more concordant values when 
added together. This was traced to the fact that although the total quantity 
of gas given out might be the same in each case, absorption by dilute alkali 
was not uniform so that the separate estimates were discordant. Since 
both the forms were only portions of carbon dioxide given off as gas, it 
was decided to take them together as a single determination. 

A further difficulty that complicated the estimation of carbon dioxide 
was the uneven fermentation in parallel samples. Although much care was 
taken to ensure proper distribution of soil particles, the associated microflora 
were still not uniformly distributed—a phenomenon over which there is no 
control—with the result that while most of the data followed a certain order, 
there were still some which were quite abnormal and had to be discarded. 
The quantities for dissolved carbon dioxide also showed a tendency to fluctuate 
considerably. Taking all these facts into consideration, only the figures for 
total carbon dioxide (including that in solution) and that which passed 
out of the soil system as gas have been presented in Fig. 4. 

It may be seen from the figure that both the sets of results follow the 
same order, the quantities steadily increasing with time. For the first 60 
hours, the production of gas was comparatively slow, but during the follow- 
ing days considerable quantities were produced. After the 7th day, the 
rate slackened again though small quantities continued to be produced 


164 T. R. Bhaskaran and others 


275 


Change of Scale 
Ss & 


Carbon dioxide produced (in milligrams) 
z 


0 12 24 36 48 60 7 3 «(37 44 
Change of Scale 
Hours Days 


Fig. 4. 
O—0O COz evolved as gas Total COz produced 


throughout the period under observation. As may be naturally expected, 
the major part of the gas passed out of the flask and was therefore lost to the 
soil system. The quantities present in solution were invariably small, being 
under one-tenth of the total amount produced. 

Other Gaseous Products of Fermentation.—The gases were collected over 
water and examined at weekly intervals. It was observed that in addition 
to carbon dioxide, there were appreciable amounts of hydrogen and small 
quantities of hydrocarbons among the products of the first week. Small 
amounts of oxygen were also found but this was presumably derived through 
displacement of the gas originally present dissolved in the water. During 
subsequent weeks, the gas evolution tended to diminish. The bulk of it was 
still carbon dioxide, the total percentage of other gases dwindling to a negli- 
gible figure. Carbon monoxide could not be detected at any time during 
the fermentation. Absence of hydrogen sulphide and ammonia could not be 
taken to mean that those gases were not formed. Indeed, as observed by 
Robinson (1930) in the case of submerged soils, increasing quantities of sul- 
phides (especially that of iron) could be detected in the soil sediment thereby 
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suggesting that hydrogen sulphide was one of the products of the fermenta- 
tion. In a like manner, ammonia may have been retained as such by the 
soil complex or combined with organic acids formed during fermentation. 

The quantitative studies relating to the gaseous products of fermenta- 
tion will form the subject of a later communication. 


Volatile, non-acid Products of Fermentation.—A number of flasks contain- 
ing suspensions made up of 100g. of soil and the corresponding amounts of 
molasses and water were prepared and allowed to undergo fermentation. At 
daily intervals for one week and at weekly intervals in the later stages, the 
flasks were taken out one at a time and the contents examined as follows :-— 
The soil suspension was passed through a coarse filter and the filtrate rendered 
alkaline. It was then distilled at atmospheric pressure and the distillate 
tested for the presence of different volatile constituents. It was observed 
that ethyl alcohol and acetaldehyde were present throughout the first week, 
but subsequently they could not be detected. Furfural and acetone bodies 
were absent throughout the period of observation. The distillate contained 
minute quantities of a volatile substance possessing a rather unpleasant odour. 
Qualitative tests showed that it was neither an ester nor an alcohol. It was 
found only in traces so it was not possible to identify it. 


In the course of the above study, it was noted that Schiff’s reagent is 
not by itself a sensitive indicator for the presence of aldehydes. Various 
inorganic substances which can react with sulphurous acid yield a positive 
reaction even in the absence of aldehydes. Thus, tap water which contains 
minute quantities of lead and other metals gives the reaction though rather 
slowly. The error can be eliminated, however, by adding a small quantity 
of a mineral acid (preferably hydrochloric) to the solution to be tested when 
only aldehyde gives the reaction. 

Volatile Acids.—The alkaline fluid left after the previous distillation 
was rendered slightly acid and then steam-distilled. The distillate was then 
examined for its constituents especially volatile fatty acids. In addition 
to the usual qualitative and orientation tests (Dyer, 1917) the average distilling 
constants were also determined at each stage to confirm the observations. 
It was noted that in the early stages there was practically no volatile acid 
in the medium, but that after 48 hours, minute quantities of propionic acid 
were first detected. On the third day, both acetic and propionic 
acids were present. On subsequent days, the two acids were definitely 
on the increase as may be gathered from the intensity of the colour 
reactions and the total acidity of the distillate. On the fifth and subsequent 
days, the presence of butyric acid was also noticed, though only in minute 


quantities. Other fatty acids seemed to be absent. 
8 F 
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Non-volatile Products—The residue left after steam-distillation was 
neutralised and concentrated to a small bulk by evaporation on the water- 
bath. It was examined in the usual way for its various constituents. Lactic 
acid was noticed even at the end of the first day. On subsequent days, the 
quantities were apparently on the increase as may be gathered from the inten- 
sity of the reactions. The tests for pyruvic acid were throughout negative, 
but there was evidence for the presence of some other substance which gives 
the iodoform reaction after standing for some time with iodine and alkali. 
There are, indeed, indications to show that a part of the sugar is converted 
into some intermediate product before the volatile acids are formed but 
further work using large quantities of the fermented product is needed 
before its identity can be established. 

Quantitative studies on the distribution of carbon at various stages are 
in progress and will be included in a later communication. 


Mineral Transformations. 


Dissolution of Minerals. Total Quantity.—The soil (300 g.) was weighed 
out into a number of flasks (cap. 1 litre) and treated with appropriate quan- 
tities of molasses and water. The suspensions were then allowed to ferment 
in the usual way. Another set of flasks containing only soil and water were 
maintained under similar conditions as controls. At two-day intervals 
during the first nine days and at weekly intervals during the later stages, the 
entire supernatant from one flask from each set was decanted out and passed 
through a coarse filter to remove suspended soil particles. The filtrate 
was transferred to an evaporating basin and concentrated on the water bath. 
The concentrate was then transferred to a platinum basin in which it was 
ignited at about 600°. From the weight of ash thus obtained, the quanti- 
ties of minerals present in solution at each stage were calculated correction 
being made for the volume retained in the soil (Fig. 5). 

The difference between the two sets of results is too obvious to need any 
comment. It may be noted, however, that in both the experimental and the 
control specimens, the quantities increased, upto a point after which they 
tended to decrease. This would suggest that the dissolved minerals 
reprecipitated partly on standing. 

Iron and Aluminium.—The details were the same as those in the previous 
experiment. The estimations of iron and aluminium were carried out accord- 
ing to the A.O.A.C. methods. 

It may be seen from Figure 6 that large amounts of both the metals 
were brought into solution as the result of application of molasses. The 
quantities increased very rapidly reaching a maximum on the 23rd day. 
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After that period, they tended to decline at a fast rate attaining nearly 
the same level as the control on the 5lst day. 


A remarkable feature about the dissolution of iron was that it was present 
almost exclusively in the ferrous condition. After some time, however, it 
began to undergo spontaneous oxidation. Ferric oxide was present in the film 
formed at the surface and in the ring at the side. It was also found in the 
light, fluffy, red-brown layer which began depositing from the supernatant 
when the iron content of the latter was fast diminishing. 


On heating the supernatant or blowing in a current of air, the ferrous 
iron present in it was readily oxidised. There was no separation, however, of 
any precipitate. This would suggest that the iron was not held in solution 
by carbon dioxide ; for, if it were present, as ferrous bicarbonate, there should 
have been the immediate precipitation of hydrated ferric oxide, especially 
on heating. Furthermore, no more than traces of iron could be brought into 
solution even after prolonged bubbling of carbon dioxide through the soil 
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suspension. It is not probable therefore that carbon dioxide played any 
important part in the dissolution of iron or its retention in solution. 


The available evidence is hardly adequate to throw light on the mechanism 
of reduction and dissolution of iron, but it may be of interest to 
mention that lactic acid which is one of the first products of fermentation 
reduces ferric iron (whether in the soluble or insoluble condition) and brings 
small amounts of ferrous iron into solution. When working with soil, laterite 
or precipitated ferric oxide, the products were found to be acetaldehyde and 
a soluble ferrous salt which was, presumably, ferrous lactate held in solution 
by excess of acid. 

The concentration of iron and aluminium in solution, especially towards 
the latter part of the first month (about 300 and 250 parts per million respec- 
tively) is far above the tolerance limit for most crops and should therefore be 
regarded as undesirable. They affect plant growth and are especially toxic to 
seedlings which turn pale and die out prematurely (Pillai and Subrahmanyan, 
1931). Even low concentrations of aluminium are known to injure root hairs 
and to cause stunted growth (Ligon and Pierre, 1932). In view of these 
and other observations, the present practice of allowing the soil to rest for 
some weeks before planting would appear to be justified. Alternatively, 
the molasses may be applied in small instalments at a time in irrigation water 
as in Java or suitably combined with lime, nitrogen and minerals that the 
formation of acid products and the consequent dissolution of iron and alumi- 
nium are greatly reduced. 

The quantities of iron and aluminium present in solution at various 
stages may not be identical with those formed under field conditions, but it 
may be reasonably expected that both the dissolution and the precipita- 
tion of the two metals follow about the same order. The nature of the soil, 
extent of drainage and, at a later stage, the rate of flow of water at the surface 
would be some of the more important factors determining the rates of various 
changes. It would be ordinarily difficult to forecast when the toxic materials 
would be removed under field conditions, but in most cases, the usual period 
of 3—5 weeks should suffice. A more reliable procedure would be to use a 
test paper that would indicate the presence of toxic concentrations of iron or 
aluminium. 

Phosphoric Acid.—The quantities of phosphoric acid present in the super- 
natant at different stages together with those in the corresponding controls 
have been presented in Fig. 7. 

It may be seen from the figure that in neither the experimental nor the 
control samples was any large quantity of phosphorus brought into solution. 
The experimental samples contained slightly more than the controls, but 
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Total Phosphoric acid as mg. of (P20;) in solution 
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considering the quantities of soil (300 g.) and molasses (3 g.) taken, the 
difference should be regarded as being insignificant. 


Although the medium was fairly acid, the poor dissolution of phosphorus 
may have been due to one of the following causes :—(a) low phosphorus con- 
tent of soil and molasses, (b) phosphorus being present as iron or aluminium 
phosphate which is not easily soluble, or (c) the large quantities of iron and 
aluminium present in the supernatant combining with any phosphorus that 
may be brought into solution and thus precipitating it. The total quantity 
of phosphorus in the soil system was, no doubt, comparatively small (about 
60 mg.) but it was nevertheless a substantial amount as compared with that 
in solution. A large part of the soil phosphorus was presumably present as iron 
or aluminium phosphate, as may be gathered from their low citric solubili- 
ties. The partial dissolution of ‘those two metals should nevertheless have 
brought some of the associated phosphorus into solution. Since this could 
not be observed, it has to be inferred that the dissolved phosphorus, if any, 
was re-precipitated in the soil itself. 


The above observations are apparently discordant with those of Sivan 
(loc. cit.) but it may be pointed out that the conditions in the related experi- 
ments were different. Sivan added excess of an insoluble phosphate which 
also contained useful quantities of lime to the green manured soil, In the 
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present investigation, there was only the small quantity of phosphorus in the 
soil and in molasses to act on. In Sivan’s experiment, the lime must have 
partly helped to precipitate the excess of iron whereas, in the present experi- 
ment, there was none. Furthermore, it is probable that the gravelly soil 
used in the present study was partly responsible for the non-dissolution of 
phosphorus. It was particularly rich in iron and aluminium oxides and 
since the Py remained throughout the experiment within the range 4-0— 
7-5, it cannot be reasonably expected that under such conditions any large 
quantity of phosphorus will pass into solution. It would be necessary there- 
fore to carry out further experiments with other types of soils, with and with- 
out addition of lime and other minerals, before the relation between molasses 
fertilisation and availability of phosphorus can be established. 

Calcium and Potassium.—The quantities of these two metals present in 


the supernatant at different stages have been presented in Fig. 8. 
168 
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Fig. 8. Dissolution of Calcium and Potassium 
@—0 Calcium as (CaO) in solution—(Experimental) ©--@ Potassium as (K20) in solution—(Experimental) 
It may be noted that in the experimental samples the quantities of 
calcium and potassium increased steadily with time, the former to a greater 
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extent than the latter. Even after the completion of the fermentation, the 
quantities continued to remain high and there was no indication of re-preci- 
pitation such as observed in the case of iron and aluminium. The control 
‘samples contained very much smaller quantities of the two metals. 


A considerable part of the two metals in solution was presumably derived 
from the added molasses, but there is evidence to show that a part was also 
derived from the soil. Their persistence in solution would suggest that 
although a part may be useful to the crop, the rest would be either carried 
away by the surface-water or lost in drainage. This would constitute a 
serious loss and should be remedied by either altering the conditions relating 
to the application of molasses or making up by addition of lime and potassic 
fertilisers from time to time. 


The mechanism of dissolution of calcium and potassium would appear 
to be the same as those of other metals, the organic acids and carbon dioxide 
taking part in the reactions. The formation of the corresponding salts would 
also account for the metals continuing to remain in solution even after com- 
pletion of fermentation. 


The removal of calcium and potassium, together with the precipitation 
of iron and aluminium, would point to a change in the mineral structure, at 
any rate in the surface layers, of the type reported by Sreenivasan and 
Subrahmanyan (loc. cit.). 


Other Minerals in Solution—The quantities of other minerals in solu- 
tion including manganese, silicon, sodium and magnesium were calculated 
by adding together the values for known forms and subtracting the sum from 
the total mineral content. The estimates thus obtained were comparatively 
small. In the case of the experimental samples, they ranged from 49 to 230 mg. 
in 750c.c. of supernatant. The quantities showed a tendency to decrease 
upto the 23rd day after which they rose steadily reaching the maximum on 
the 51st day. These observations would suggest that while some of the 
forms dissolved in the earlier stages were re-precipitated, others were 
brought into solution in the later period. In this connection, it may be 
noted that the dissolution of the above-mentioned minerals, taken as a 
whole, is inversely related to that of iron and aluminium. It would be 
of interest to determine if there is any chemical relation between the two 
sets of changes. 


Quantity of Molasses and Loss in Solution.—Attention has already been 
drawn to the fact that the quantities of the different minerals present in the 
soil are considerably in excess of those brought into solution by the molasses. 
This process of dissolution may therefore be pictured as the result of 
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interaction between a large reserve of minerals in insoluble form and a small 
quantity of an active substance. From this, it would follow that within 
reasonable limits, the total quantity of minerals brought into solution would 
be proportional to that of the active substance (molasses) added to the soil. 
Reckoning on this basis, it should be possible to calculate the quantities of 
different minerals that would be brought into solution on applying molasses 
under swainp conditions. The estimates thus obtained would, no doubt, be 
only approximate, the actual quantities being determined by the nature of 
the soil, efficiency of drainage and such other factors. They would never- 
theless be useful in indicating the probable losses that may be incurred in 
field practice. Calculations were accordingly made reckoning the quanti- 


ties that may be dissolved by applying molasses at the rate of 10 tons to 
the acre. 


Assuming that the major part of iron and aluminium would eventually 
re-precipitate in the soil, the bulk of the loss would relate to calcium (as CaO) 
and potassium (as K,O) which may be estimated at 4,500 and 2,200 Ibs. 
respectively which is indeed a considerable figure. The other minerals lost 
in solution would correspond to about 2,500 Ibs. A small part of this would 
no doubt be derived from the molasses, but the bulk of it will have to come 
from the soil which will, in consequence, become poorer to the extent of 
about 4 tons of minerals. This quantity will have to be restored chiefly in 
the form of lime and potassic fertilisers if the fertility of the soil is to be main- 
tained. Alternately, the conditions relating to the application of molasses 
should be so modified that loss by solution is either entirely eliminated or, at 
any rate, greatly reduced. 


Exchangeable Bases.—After decanting out the supernatant for the esti- 
mation of minerals, the residual soil left at each stage was air-dried and the 
product used for the determination of exchangeable calcium, iron and 


aluminium (Hissink, 1922). The results have been presented in Figs. 9 
and 10. 


There was appreciable decrease in the exchangeable calcium present in 
the experimental sample while that in the control remained unaffected. A 
comparison with Fig. 8 would show that with the progress of dissolution, 
exchangeable calcium in the soil underwent steady decrease. 


Decrease in exchangeable calcium, though not very considerable within 
the period of observation, would, if allowed to continue, have an adverse 
effect on the physical properties of the soil. The colloidal equilibrium may 
be disturbed and increasing quantities of unsaturated clay acids formed. 


The soil would tend to deflocculate and thus become less suitable for plant 
growth. 
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There was practically no exchangeable iron and aluminium in the control 
samples while small quantities were present in the experimental ones. The 
latter tend to increase for a time and then decrease in the same manner as 
the dissolved minerals (vide Fig. 6). These observations would show that 
iron and aluminium in the original soil were present in resistant forms and 
could not be exchanged. The fermentation of molasses had, however, brought 
a part of them into solution and it may be reasonably expected that some 
of the dissolved matter still remained in the soil sediment. This would 
explain why exchangeable iron and aluminium followed nearly the same 
course as the dissolution of those two metals. — 

Biological Changes that attend the Application of Cane Molasses to the 
Swamp Soil. 

Preliminary Observations.—Soil suspension containing molasses and 
water in the same proportions as in the previous experiments was prepared 
and divided between a number of tubes. The contents of the tubes were 
examined microscopically at 4-hour intervals for the first 24 hours and at 
daily intervals in the later stages. The observations were compared with 
those on controls which were made up with only soil and water. 

It was observed that there was no perceptible difference between the 
two sets of samples in the early stages, the more prominent forms being 
only certain cocci, a few short, rod-like forms and some amceba. The posi- 
tion continued to be so for about 20 hours after which there was a striking 
change, the experimental samples rapidly turning into a dense mass of long, 
motile rods, which increased at a phenomenal rate almost to the exclusion 
of other forms. This continued, however, only for a short period, and it was 
noticed even at the end of two days that the motile forms were definitely on 
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the decline. There was no further noticeable change in the experimental 
samples. Neither protozoa nor yeasts were at any time seen prominently 
in the medium. In the controls, the cocci and the amceba persisted and 
even seemed to increase for a time, but subsequently they too decreased 
thereby showing that the conditions were not favourable to microbial activity 
(vide Subrahmanyan, 1927). 

Bacterial Numbers.—The soil was weighed out in separate lots (25 g. each) 
into a number of conical flasks and treated with appropriate quantities of 
molasses and water. The suspensions were then allowed to ferment in the 
usual way. At stated intervals, the experimental samples together with the 
corresponding controls were plated out, the entire contents of one flask being 
used for each set of dilutions. The platings were carried out at two dilu- 
tions and on two count media (Thornton, Joc. cit.; Waksman, loc. cit.). 

It may be seen from the results (Figs. 11 and 12) that the plate counts 
do not even indicate the increase observed by direct examination during the 
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first two days. They showed only continued decrease and at the end 
of four days the numbers were almost negligible. After that period, they 
fluctuated between 100,000 and 1,000,000 per gram. of soil but this is 
obviously more due to sampling and plating errors, than to any appreciable 
change in numbers. The controls also showed a decrease, but the rate of 
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Fig. 12. Bacterial numbers on Waksman’s Medium 

fall was less pronounced than in the experimentals. The general trend of 
observations was the same on both the media though the counts on Waksman’s 
medium were generally higher than those on Thornton’s (vide Jensen, 1931). 

The foregoing observations are of considerable interest as they provide 
an instance of the failure of the plate method even for the qualitative study 
of biological changes in the medium. Both the media were probably unsuited 
for the growth of the organisms concerned in the fermentation, but that again 
only emphasises a serious defect in the technique as adopted at present. It 
would show that the composition of the medium determines the type of flora 
that shall appear on it and no single medium, however generally useful, would 
be suitable for all forms of microflora that may be present in a soil. Even 
under identical conditions, the same medium may not be suitable for all soils 
and the more recent work of Rajagopalan (private communication) has 
shown that a medium which is eminently satisfactory in the case of one soil 
may prove an utter failure in that of another. It would indeed appear to be 
almost impossible to find any medium, natural or artificial, which would meet 
the requirements of all types of bacteria present in any soil and under any 
condition. 

Although it was realised that the colonies appearing on the plates were 
not representative of those actually concerned in the decomposition of 
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molasses, some of the more prominent forms were nevertheless isolated and 
their characteristics studied after repeated subculturing on sterile soil-molasses 
suspensions. The related observations have been described in a later section 
of the paper. 


Some attempts were made to obtain direct counts according to the recent 
method of Thornton and Gray (1934), but as they included the dead along 
with the living forms, it was difficult to make out whether there was any 
perceptible change after the first few days. 


Microscopic examination (under low power lens) of apparently empty 
portions of plates taken out at different stages revealed the presence of 
numerous minute colonies and quite a number of detached cells which had 
not germinated. The former represented presumably some of the active 
forms which were not favoured by the medium while the latter were probably 
mostly dead cells. Extension of this type of examination promised interest- 
ing results, but it was felt that the related conditions should first be stan- 
dardised before the examination could be regarded as being quantitative. 
Further work in this direction is in progress and will form the subject of a 
later communication. 


Actinomyces.—Although these organisms might have appeared along 
with the bacteria, it was yet difficult to count them on the two media that 
were employed. The colonies were often indistinguishable from those of 
bacteria, so separate counts were made, the platings being carried out on the 
starch agar medium of Ganesha Rao and Subrahmanyan (loc. cit.) which 
facilitates easy detection of those forms. The results have been presented 
in Fig. 13. 

It may be noted that there was rapid decrease in both the experimental 
and the control samples. After about 8 days the counts were almost negli- 


gible, while in the still later stages actinomyces were practically absent from 
the medium. 


The foregoing observations, which are also supported by others, would 
show that actinomyces play no prominent part in the decomposition of cane 
molasses in the swamp soil. The increasing acidity of the medium and the 
presence of comparatively high concentrations of mineral salts, especially 
iron and aluminium, would appear to be unfavourable to those organisms. 


Yeasts and Fungi.—The platings were carried out on wort agar, the 
details being the same as those described in a previous communication 
(Harihara Iyer, Rajagopalan and Subrahmanyan, 1934). 


Yeasts were entirely absent though hundreds of plates representing the 
various stages of fermentation were examined. This appeared rather strange 
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since some previous workers have drawn attention to the prominence of 
certain pseudo-yeasts in soils fertilised with molasses. The platings were 
therefore repeated on other media. The results have been discussed else- 
where. 


It may be seen from the counts for fungi (Fig. 14) that those forms were 
also adversely affected by the conditions of the experiment. From 1-6 
millions, the numbers dropped in the course of 8 days to less than 50,000. 
Except for a momentary rise to just over 150,000 on the 43rd day, the subse- 
quent change was not appreciable. Both the experimental and the control 
samples yielded nearly the same type of results, thereby showing that the 
decrease was really due to swamping and was not influenced by the addition 
of molasses. Since the commoner forms of soil fungi grow readily on culture 
media containing molasses, the above observations would suggest that under 
the conditions of the swamp soil the sugars were not available to the fungi. 

A study of the general behaviour of the commoner forms of soil fungi 
would explain the above phenomenon. In the dry soil, the fungi occur mostly 
as spores which would require at least 2—3 days to germinate. A further 
period of at least one day may be required for the vegetative forms to develop, 
so that it would take the fungi nearly 4 days to establish themselves in the 
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medium. A comparison with Fig. 1 would show, on the other hand, that the 
major part of the sugar was decomposed between 48 and 72 hours and that 
there was practically none left after 90 hours. This would mean that other 
organisms, especially the bacteria, used up the sugar before the fungi were in 
a position to do so. The latter were thus left without sufficient nutrition 
and in a medium where owing to the preceding fermentation air supply was 
also inadequate. The fungi could have acted on the organic acids but that 
too would not appear to have been favoured by the conditions in the soil. 
It is probable that the dissolved minerals, especially iron, may have something 
to do with this, but further work is needed before any definite conclusions 
can be drawn. 


Plating on Soil Extract—Molasses Agar.—Since other media had proved 
unsatisfactory in regard to the isolation of the yeasts and other fermentative 
organisms, a series of platings were carried out on the above medium, which, 
it was expected, would provide very nearly the same nutrients as those 
obtained in soil suspensions. The more prominent forms appearing on the 
plates were isolated and these, together with those from other media, were 
studied for their cultural, morphological and physiological characteristics. 
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About twenty different organisms were thus examined and, of these, the 
following five would deserve special consideration.— 


I. Long rods measuring 2-3—2-8u by 0-5—0-7u—Sporulating—Spores measure 
1-0—1-2u by 0-7—1-0u—Motile—Agar colonies: circular entire with central dot— 
Agar slant: white, sticky with pellucid dots—Broth: surface growth, white, wavy 
fragile pellicle—Litmus milk rendered alkaline; peptonisation moderately rapid— 
Indol production nil—Potato : growth thick, white membranous and wrinkled—Nitrates 
reduced—No ammonia—No gas—Fermentation of sugars: acid from dextrose and 
sucrose ; no gas: Other products: Ethyl alcohol,+; acetaldehyde,+; Acetone,—; 
Fusel oil,+; acetic acid,+ (This was verified by determining Duclaux constants) ; 


lactic acid,+-; Starch not hydrolysed—<Aerobic, facultative—Optimum temperature 
30°C.— Habitat, soil. 


The above description would point to the identity of the organism with 
B. graveolens (Bergey, 1930). 


II. Rods, 1-5—3-5u by 0-7—0-8u, in chains—Motile—Sporulating—Spores 
central, 0-5—1-Ou—Agar colonies: spreading slightly greyish—Agar slant: white, 
slightly shiny: thin, membranous—Broth : turbid with sediment—Litmus milk : alka- 
line, peptonised—Potato: growth abundant—Nitrates reduced but, No ammonia— 
Acid and gas from sucrose, dextrose and levulose—Indol,-+—Products of fermentation : 
ethyl alcohol,+; acetaldehyde,-+; acetone,—; fusel oil, nil—Aerobic, facultative—gram 
positive—Optimum temperature, 30°C.—Habitat, soil. 


The organism under reference is obviously B. subilis, which is a common 
soil organism forming nearly 10 per cent. of the total flora. 

III. Short rods, 1-2—1-8u by 0-5—0-7ju—Slightly motile —Sporulating—Spores 
smaller than those of the other two forms—aAgar colonies ; circular entire ; translucent— 
Agar slant: white, thick, sticky—Broth: surface white, membranous; broth quite 
clear—Litmus milk: alkaline; peptonisation, positive—Indol not formed—Potato : 
abundant growth ; thick white, membranous and wrinkled—Nitrates reduced ; no NH3;, 
no gas—Slight acidity in glucose and sucrose. Products: ethyl alcohol,+ ; acetaldehyde, 
+ 3 acetone,—j; fusel oil,+ ; Starch not hydrolysed. Gram _ positive—Aerobic, 
facultative—Optimum temperature, 30°C—Habitat, soil. 


The above description would not fit in with any of the known forms. 
Further work on the identification of this bacillus is in progress. 


IV. Spheres arranged in packets about lu in diameter—Agar colonies: yellow, 
coarsely granular ; circular, raised, moist and glistening—Agar slant: sulphur yellow, 
smooth—Broth: clear with yellow sediment—Litmus milk: coagulated and becomes 
alkaline—Indol formation, negative—Potato: growth negligible—Nitrates : reduced to 
nitirites ; no gas, no NH;—Sugars: no acid, no gas, Products : ethyl alcohol—aldehyde, 
—; acetone,—; fusel oil,—; iodoform reaction,+ ; volatile fatty acids,—; lactic 
acid, traces—H,S, traces—Strictly aerobic—Gram_, positive. 


The above description would correspond to that of Sarcina lutea. 

V. Isolated only from soil-molasses agar—Colonies slightly greyish and glisten- 
ing—Cells elongated, 1-5—5u by 1-0—2-O0u—Small fat globules inside the cells—- 
Non-sporulating—Forms only traces of alcohol. 

The organism is probably a torula. Further work on its identification 
is in progress. 


i 
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Effect of Inoculating True Yeasts into Soil-Molasses Medium.—Since 
Saccharomyces were absent from the media at all stages of fermentation, 
it was considered probable that all the media that were tried were unsuitable 
for their isolation. With a view to verifying this, some experiments were 
carried out inoculating S. cerevisi@ into fresh soil suspensions containing 
1 per cent. molasses. It was observed, however, that the organism made 
no growth at all and that after a few days it had almost entirely disappeared 
from the medium. It would thus be seen that the absence of yeasts from the 
plates was not fortuitous but was really due to the soil conditions being un- 
favourable to them. 


Protozoa.—These were present only in the early stages of fermentation. 
Even then the numbers were very small, 20-30 and, sometimes, even 40 slides 
having to be examined before even a single protozoan could be found. In the 
later stages they were entirely absent from the medium. 


Correlation between Chemical Changes and Maicrobiological Activity.— 
Although the foregoing study has brought into relief some of the more 
prominent organisms concerned in the decomposition of molasses, it is yet 
difficult to correlate their physiological activity with various chemical trans- 
formations reported in the earlier sections of the paper. Some of the known 
forms, e.g., B. graveolens do, no doubt, produce traces of lactic acid but there 
would also appear to be other forms which can produce even larger quantities 
and thus account for those observed during the fermentation. The organism 
responsible for the production of propionic acid has not yet been isolated, 
but since that acid follows immediately after the production of lactic acid, 
it would be of interest to determine whether any of the former is derived 
through reduction of the latter. Ina like manner, the possible oxidation of 
lactic acid to acetic acid through purely chemical or biological agencies will 
also have to be considered. The various gases would appear to be the result 
of the direct action of micro-organisms on sugars, but some, especially carbon 
dioxide, are formed even in the later stages and are presumably derived from 
the immediate products of decomposition. The dissolution of minerals is 
probably largely due to purely chemical action between the soil and the acid 
products of fermentation, but it is nevertheless possible that a part of the 
related changes, such as the reduction of iron, is indirectly due to biological 
agencies. Further work on these and related problems is in progress and 
will form the subjects of later communications. 


Summary. 


1. The more important products of decomposition of cane molasses 
in the swamp soil are :—(a) lactic acid, (b) acetic, propionic and butyric acids, 
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(c) minute quantities of ethyl alcohol, acetaldehyde and fusel oil, and (@) carbon 


dioxide together with small percentages of hydrogen, methane and other 
hydrocarbons. 


2. The decomposition of sugars, changes in reaction and buffering 
capacity and production of carbon dioxide have been quantitatively followed. 
The sugar disappears within four days yielding largely acid products. The 
buffering capacity of the supernatant increases for a time and then decreases 
rapidly. Considerable amounts of carbon dioxide are formed but these are 
mostly lost from the soil system. 


-3. As the result of the fermentation, increasing quantities of different 
minerals are brought into solution, but after a time, they are partially re-preci- 
pitated in the soil. This is particularly so in the case of iron and aluminium 
which are first present in highly toxic proportions, but after about a month 
the concentration in the supernatant decreases rapidly until, finally, it 
attains nearly the same low level as in the control. 


The dissolved iron is present almost exclusively in the ferrous condition. 
The available evidence would point to its being associated with organic acids 
‘present in the medium. The re-precipitated iron is in the ferric condition, 
mostly as the oxide. 


4. Dissolution of phosphorus is not favoured by application of molasses, 
the presence of iron and aluminium being responsible for its retention in the 
soil. On the other hand, considerable quantities of calcium. and. potassium 
are brought into solution and continue to remain so for nearly two months. 


5. The soil residue left after draining the supernatant contains more 
of soluble iron and aluminium but less of exchangeable calcium than the 
untreated one. 


6. Direct microscopic examination of the molasses-treated soil suspension 
shows a distinct increase in bacterial numbers for the first two days, followed 
by rapid fall. The plate counts show, on the other hand, only steady decrease. 


7. Actinomyces and fungi show rapid decline in numbers. Protozoa 
ate also adversely affected. True yeasts (Saccharomyces) are absent. 


8. Some of the more prominent forms associated with the decomposition 
of molasses have been isolated and their physiological activities studied. They 
are, (1) B. subtilis, (2) B. graveolens, (3) an unidentified bacillus, (4) Sarcina 
lutea, and (5) a torula. 


9. The relation between micro-biological activity and the various types 


of chemical changes have been discussed and future lines of work indicated. 
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ON THE STRUCTURE AND MECHANISM OF THE 
GASTRIC MILL IN DECAPODA. 


I. The Structure of the Gastric Mill in Paratelphusa guerini (M. Edw.). 


By S. S. PATWARDHAN, M.Sc., 
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1. Introduction. 


WuiLE I was engaged in writing a Monograph on the anatomy of the 
freshwater prawn, Palemon, I was struck with the total absence of the 
complex food-crushing organ, the gastric mill, usually present in some 
form or other in many Decapoda. In correlation with the absence of 
the gastric mill, the mandibles were very highly differentiated to subserve 
the function of mastication. It seemed possible that if a large number of 
Decapoda Crustacea were examined, one might find a gradation ranging 
from a simple to a complex. gastric mill and this complexity might be 
correlated with the efficiency of the other masticatory organs, chiefly the 
mandibles. With this view, I have been working out the structures of the 
gastric mill in various Brachyura, Anomura and Macrura. In this communi- 
cation I propose to describe the gastric mill of the local freshwater crab 
Paratelphusa guerini (M. Edw.). 


2. The Stomach. 


The stomach is the most widely expanded portion of the foregut. It 
is divided into two regions: (1) the Cardiac stomach (Fig. 2) which is 
anterior and large, and (2) the Pyloric stomach which is posterior, short and 
narrow. These two regions are separated by a narrow constriction. 


(1) The Cardiac Stomach. 


It is a roughly spherical sac compressed dorsoventrally (Fig. 2). The 
chitinous lining of the wall of the cardiac stomach is here and there 
thickened and calcified into a number of plates or ossicles which are so 
arranged as to form a complex grinding organ, the gastric mill, described 
in detail in this paper. On the floor of the cardiac stomach, just posterior 
to the opening of the cesophagus, there is an elongated and curved setose 
valve (v.) (Fig. 2) on each side of the median line. The floor is limited on 
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its sides by a longitudinal groove (v.g.) which is overhung by a comb-like 
row of thick elongated seta. The cardiac stomach leads posteriorly into 
the narrow pyloric stomach by means of a cardiac pyloric opening (0.) 
which is guarded by a stiif median ventral cardiac pyloric valve (c.p.v.) 
and a pair of valves (/.c.p.v.) situated dorsolaterally. 


(2) The Pyloric Stomach. 


The pyloric stomach (Fig. 2) is a complicated structure specially 
adapted to act as a fine straining or filtering apparatus. The posterior 
half of each of the lateral wall of the pyloric stomach projects inwards as a 
convex fold, the supra-ampullary fold (s.a.f.). The two folds of the two 
sides thus form a pair of longitudinal folds inside the lumen of the pyloric 
stomach and divide it into an upper or dorsal and a lower or ventral 
chamber. The floor of the lower chamber is raised upwards to form a 
median prominence, the inter-ampullary ridge (7.a.7.) which in a transverse 
section looks like an inverted V. Externally the two sides of this ridge can 
be recognised as a pair of ampulle (a.) (Fig. 7) situated near each other on 
the ventral side of the pyloric stomach. The inner surface of this ridge 
bears a number of parallel longitudinal ridges each of which bears a row of 
comb-like bristles projecting over the groove between it and the next ridge. 
The inner lining of the lateral wall of the lower chamber is in close contact 
with the sides of the inter-ampullary ridge and is beset with a velvety 
outgrowth of fine sete. Thus the lower chamber forms a very highly 
efficient strainer through which food can pass only in a fluid condition or 
in the form of very fine particles. The upper chamber is a simple sac. 
Both the chambers continue posteriorly into the short midgut. The 
opening between the pyloric stomach and the midgut is guarded by five 
valves pointing backwards: a large median valve (v,.) from the middle of 
the roof of the pyloric stomach, one valve (v2.) from each of the lateral 
wall of the dorsal pyloric chamber and a pair of small valves (v3.) from the 
floor of the pyloric stomach. These valves are so arranged that larger 
pieces of food-material coming through the upper pyloric chamber are 
directly carried backwards into the hindgut without allowing them to enter 
the midgut. 


3. The Gastric Mill. 


The gastric mill isa term applied to the complicated apparatus by 
which the food is ground in the stomach. This apparatus consists of a 
number of ossicles, variously situated and diversely shaped, which work 
together to bring about the desired result. The movements of these ossicles 
are brought. about by muscles. 
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The Ossicles of the Foregut. 


The ossicles in the wall of the stomach are divided into two sets: 
(a) those taking part in the formation of the gastric mill, and (6) those 
which serve as a foothold for the muscles of the foregut. 


(a) The Ossicles of the Gastric Mill : These are situated in the dorsal 
and the lateral wall of the posterior portion of the cardiac stomach and 
the anterior portion of the pyloric stomach. The roof of the cardiac 
stomach supports a set of three ossicles (Fig. 4) in the form of an arch 
which is convex anteriorly. Of these three ossicles, the two pterocardiac 
ossicles form the sides, while the third, the mesocardiac ossicle, forms the 
keystone. 


1. The Cardiac or the Mesocardiac Ossicle: It is a small thick plate 
(m.c.) (Fig. 4) triangular in shape, with its deeply truncated apex pointing 
forwards. On its either side, it is joined to the pterocardiac ossicle (Pt.c.) 
and along its base to the urocardiac ossicle (w.c.). 


2. The Pterocardiac Ossicles: These are paired. Each (ft.c.) is a 
wedge-shaped plate running backwards and outwards from the sides of 
the mesocardiac ossicle with which it is firmly fixed. Its posterior border 
is thick, while its anterior border is thin and membranous. Laterally it 
is connected to the zygocardiac ossicle (z.c.) by means of a strong 
ligament (/g.). 


The posterior wall of the cardiac stomach and the middle portion of 
the dorsal wall of the pyloric stomach support a set of five ossicles which 
together form the posterior arch of the gastric mill. The convexity of this 
arch points backwards. The five ossicles are the paired zygocardiac ossicles, 
the paired exopyloric ossicles and the unpaired pyloric ossicle. 


The Zygocardiac Ossicles: ‘These are the stoutest ossicles of the gastric 
mill. Each (z.c.) ossicle lies obliquely in the dorsal and lateral wall of 
the cardiac stomach. In shape, it is a roughly triangular plate projecting 
into the cavity of the cardiac stomach (z.c.) (Fig. 2). The apex of this trian- 
gular plate (Fig. 4) is joined to the pterocardiac ossicle by a ligament 
already described, while its base lies along the median line (Fig. 2). The 
outer rim of this plate (Fig. 4) is thick and curved while its anterior border 
is thick and straight. From the posterior angle of the base of the plate 
arises a short, thick and vertical process which articulates medially with the 
exopyloric ossicle of that side. The base of the triangular plate is 
extremely thick and curved ventrally and lies parallel to the median line 
(Fig. 2). It bears four large denticles and eleven to thirteen small vertical 
ridges which together constitute the lateral tooth (U.t.). The thick 
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chitinous covering of these denticles and ridges is strongly impregnated 
with a deep brown pigment. On its ventral surface each zygocardiac plate 
is connected with a rod-shaped sub-dentary ossicle (s.d.) (Fig. 6). 


The Exopyloric Ossicles : These are paired. Each ossicle (ex. p.) (Fig. 4) 
is a small triangular plate with its apex pointing downwards. On its outer 
side it is attached to the zygocardiac ossicle and on its inner side to the 
pyloric ossicle. 

The Pyloric Ossicle: This is a single median ossicle (p.) which forms 
the dorsal wall of the anterior portion of the pyloric stomach. When 
viewed dorsally it looks like an expanded membranous plate with a calcified 
and curved ascending process on each side. Each process is firmly fixed to 
the exopyloric ossicle on its side. 

The anterior and the posterior arches are connected with one another by 
means of a median column of two ossicles lying along the mid-dorsal line. 
The anterior ossicle is called the urocardiac ossicle and the posterior one, the 
propyloric ossicle. 


The Urocardiac Ossicle: From the base of the mesocardiac ossicle it 
(u.c.) (Figs. 4 and 5) projects backwards and downwards into the cavity of 
the cardiac stomach. It is an elongated thick flattened plate. Posteriorly 
it is connected with the lower end of the propyloric ossicle (Figs. 2 and 5). 
The posterior third of its ventral surface bears a set of three rhomboid-shaped 
large denticles which constitute the median tooth (m.t.). The anterior of 
these denticles is the smallest while the median denticle is the stoutest. 
The three denticles are also impregnated with a deep brown pigment. 


The Propyloric Ossicle: The Propyloric Ossicle (pr.p.) (Figs. 2 and 5) is 
a small thick triangular plate. Its base (pr.p.) (Fig. 4) is curved and is 
wedged between the ascending processes of the pyloric ossicle. It runs 
obliquely downwards and slightly backwards and its truncated apex is 
closely connected to the posterior end of the urocardiac ossicle. The 
propyloric and the urocardiac ossicles together form a median conical 
projection into the cavity of the cardiac-stomach (Fig. 2). 
(b) The Ossicles Supporting the Muscles of the Foregut.—The ossicles 
which give a foothold to the muscles fall into two divisions : 
(i) those developed in the wall of the cardiac stomach, and 
(ii) those developed in the wall of the pyloric stomach. 
(i) The Ossicles in the Wall of the Cardiac Stomach :— 


(1) The Pectineal Ossicles—These are paired. Each of the two pectineal 
ossicles (pe.) (Fig. 6) is situated on the floor of the cardiac stomach anterior to 
the lateral tooth of its side. It is a Y-shaped ossicle bearing eleven to 
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fourteen claw-like teeth—the lateral accessory teeth (/.a.t.) (Fig. 2)—on 
its inner side. The lower end of the prepectineal ossicle rests on the 
two limbs of the Y, while the stem of the Y is connected with the 
postpectineal ossicle as will be described later. 


(2) The Prepectineal Ossicles.—These are paired. Each of the two 
prepectineal ossicles (pr. pe.) (Figs. 2 and 6) is an elongated thin rod running 
obliquely downwards along the anterior border of the zygocardiac ossicle 
of its side. At its dorsal end it is connected with the outer elongated portion 


of the zygocardiac ossicle while its inner end is connected with the pectineal 
ossicle. 


(3) The Postpectineal Ossicles—On the floor of the cardiac stomach 
there are two pairs of longitudinally placed rods called (1) the postpectineal 
ossicles, and (2) the infero-lateral cardiac ossicles. Each of the postpectineal 
ossicles (po. pe.) (Figs. 2 and 6) extends along the median line from the open- 
ing of the cesophagus to the opening of the cardiac pyloric orifice. Along 
its border it supports a comb-like linear row of stiff sete which project into 
the cavity of the cardiac stomach. At its anterior end, 7.e., near the ceso- 
phagus, each postpectineal ossicle is bent upon itself, the bent portion 
(v.) (Fig. 2) pointing backwards towards the pyloric orifice and covered over 
with closely set sete. 


(4) The Infero-lateral Cardiac Ossicles.—These are a pair of rod-shaped 
ossicles, each rod (i.l.c.) (Figs. 6 and 7) lying immediately outside the post- 
pectineal ossicle of its side. The posterior half of this ossicle is broad, thick 
and is in close contact with the lower end of the sub-dentary ossicle (s.d.). 
It gradually narrows down anteriorly and is closely opposed to the postpec- 
tineal ossicle of its side. 


(5) The Sub-dentary Ossicles—These are paired. Each is a small rod- 
shaped ossicle (s.d.) (Fig. 6) attached at its dorsal end to the ventral surface 
of the zygocardiac ossicle. It then runs obliquely downwards and slightly 
backwards and terminates into a broad ventral end which is connected with 
the posterior end of the infero-lateral cardiac ossicle. The sub-dentary 
ossicle forms a support to the floor of the cardiac stomach. 


(6) The Cardiac Pyloric Valve-—The posterior portion of the floor of 
the cardiac stomach is calcified and forms a thick plate. Posteriorly this 
plate-like portion folds downwards and then becomes continuous with the 
floor of the pyloric stomach. This fold, which appears like a median trian- 
gular prominence projecting into the cavity of the pyloric stomach, is called 
the cardiac pyloric valve (c.p.v.) (Fig. 2). This is covered over with long 
sete. 
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The lateral wall of the cardiac stomach bears two broad but thinly 
calcified plates—the antero-lateral and postero-lateral cardiac plates 
(a.l.c.p.) and (p.l.c.p.) (Figs. 2 and 6). 

(ii) Supporting Ossicles of the Pyloric Stomach :— 


The dorsal portion or the roof of the pyloric stomach supports 


three pairs of ossicles situated along the dorsal median line. These three 
pairs are called from before backwards (1) the anterior mesopyloric, (2) the 
posterior mesopyloric, and (3) the uropyloric ossicles. Each of the anterior 
mesopyloric ossicles (a.m.p.) (Fig. 4) is thin and somewhat semi-circular 
in shape and is situated behind and beneath the pyloric ossicle. Each of 
the posterior mesopyloric ossicles (p.m.p.) is thick and irregular in shape 
and lies at a very short distance behind the anterior mesopyloric ossicle. 
Fach of the uropyloric ossicles (u.p.) is situated behind the posterior meso- 
pyloric ossicle and is a small curved rod running obliquely backwards and 
downwards as far as the middle of the lateral wall of the pyloric stomach. 

The lateral wall of the pyloric stomach supports four pairs of ossicles. 
Of these, one pair supports the upper chamber while the remaining three 
support the lower chamber of the pyloric stomach. 

(1) The Lateral Pyloric Ossicles——Each of the lateral pyloric ossicles 
(l.p.) (Fig. 6) which support the upper chamber, is a thick, stout and twisted 
rod running obliquely forwards from the lower end of the posterior meso- 
pyloric ossicle. 

(2) The Anterior Supra-ampullary Ossicles—FEach anterior supra- 
ampullary ossicle (a.s.a.) (Fig. 6) is a small triangular plate lying in front of 
the ampullary swelling of its side. 

(3) The Middle Supra-ampullary Ossicles.—Each middle supra-ampullary 
ossicle (m.s.a.) is an elongated curved rod lying lengthwise along the supra- 
ampullary fold (s.a.f.) (Fig. 2) of the lateral wall of the pyloric stomach. 

(4) The Posterior Supra-ampullary Ossicles.—Each posterior supra- 
ampullary ossicle (p.s.a.) (Fig. 6) is a small rod-shaped piece which runs 
obliquely backwards and downwards along the posterior limit of the ampulla 
of its side. 

The floor of the pyloric stomach supports a single median antero- 
inferior pyloric ossicle (a.i1.p.) (Fig. 7) which forms the anterior half of the 
floor of the pyloric stomach. This ossicle thus lies between the cardiac 
pyloric valve and the ampullary swellings of the pyloric stomach. 

4. The Muscles of the Cardiac and Pyloric Stomach. 

The muscles of the cardiac and the pyloric stomach fall into two groups: 

(1) Extrinsic muscles which have their origin on some part of the exoskeleton 
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of the body but are inserted on the ossicles of the foregut, and (2) Intrinsic 
muscles which have their origin and insertion on the ossicles themselves. 
(1) Extrinsic Muscles. 

The muscles to be described under this head are: (a) those which are 
concerned with the working of the gastric mill, and (b) those which dilate 
the cardiac or the pyloric portion of the stomach. 

(a) The Extrinsic Muscles of the Gastric Mill. 


(1) The Anterior Gastric Muscles: These are paired and are the 
stoutest of all the muscles of the gastric mill. Each muscle (a.g.) (Fig. 8 A) 
originates from the procephalic process of the cephalothorax, passes back- 
wards and slightly inwards and is inserted on the mesocardiac ossicle and on 
the median portion of the pterocardiac ossicle of its side. 


(2) The Inner Posterior Gastric Muscles: These are paired. Each 
muscle (7.p.g.) (Fig. 8 A) arises from the anterior surface of a small calcareous 
process (Fig. 8 B) situated along the median line on the inferior surface of 
the mesogastric region of the carapace. It then passes downwards, forwards 
and slightly inwards and is inserted (7.p.g.) (Fig. 8 A) on the anterior and 
lateral thick portion of the pyloric ossicle. 

(3) The Outer Posterior Gastric Muscles: ‘There are two pairs. On each 
side the two muscles arise together (Fig. 8 B) from the undersurface of the 
mesogastric region of the carapace in front of the origin of the dorsal pyloric 
dilator muscles. These muscles pass downwards, forwards and slightly 
inwards. Of the two muscles the anterior one is inserted on the median end 
of the zygocardiac ossicle and the posterior one on the exopyloric ossicle 
(0.p.g.) (Fig. 8 A). 

(6) The Extrinsic Muscles for Dilating the Stomach. 


(1) The Upper Anterior Dilator Muscles: ‘These are paired. Each 
muscle (u.a.d.) (Fig. 9) originates from the inner surface of the cephalic 
stem close behind the orbit and passing backwards and inwards it is divided 
into a number of diverging muscle-strands which are inserted on the lateral 
and anterior surface of the cardiac stomach. 

(2) The Lower Anterior Dilator Muscles: ‘These are paired. Each 
muscle (/.a.d.) is very thin and originates from the superior surface of the 
epistome. It then runs backwards, upwards and slightly inwards and 
breaks up into a number of muscle-strands which are inserted on the lower 
part of the anterior surface of the cardiac stomach. 


(3) The Lateral Dilator Muscles: ‘These are paired. Each muscle 
(/.d.m.) is a thin broad muscular band which originates from the middle of 
the anterior edge of the roof of the pre-branchial chamber. It then runs 
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inwards and is inserted on the lateral wall of the cardiac stomach, on the 
antero-lateral and postero-lateral cardiac plates on its side. 

(4) The Dorsal Pyloric Dilator Muscles: ‘There are two pairs. The 
two muscles of each side (d.p.d.) (Figs. 8A and 9) originate from the under- 
surface of the carapace slightly behind the calcareous process already 
described (Fig. 8 B). These muscles then pass downwards and are inserted 
as follows: the anterior one is inserted on the posterior mesopyloric ossicle 
and the posterior one on the uropyloric ossicle. 

(5) The Ventral Extrinsic Pyloric Dilator Muscles: ‘These are paired. 
Each muscle (v.e.p.d.) (Figs. 9 and 10) is thin and cord-like. It originates 
near the base of the mandibular apophysis and passing upwards, backwards 
and slightly inwards it is inserted on the antero-inferior pyloric ossicle. 


(2) Intrinsic Muscles. 
(a) The Intrinsic Muscles of the Gastric Mill. 


(1) The Median Unpaired Muscle: (A.) (Fig. 8 A) stretches from the 
posterior edge or the base of the mesocardiac ossicle upto the dorsal edge of 
the propyloric ossicle. 

(2) The Inner Paired Muscles: Each muscle (B.) (Fig. 8 A) arises from 
the outer portion of the base of mesocardiac ossicle and runs backwards and 
is inserted on the exopyloric ossicle of its side. 

(3) The Outer Paired Muscles: Each of the outer paired muscles (C.) 
(Fig. 8 A) originates partly from the base of the mesocardiac ossicle and 
partly from the pterocardiac ossicle and after running backwards for a 
short distance is inserted on the posterior and median end of the zygocardiac 
ossicle. 


(b) Other Intrinsic Muscles. 

(1) The Lateral Cardiac Muscles: ‘There are three pairs. 

(i) The Posterior Pair.—The muscle of each side (/.c,.) (Fig. 9) originates 
from the outer angle of the infero-lateral cardiac ossicle and passing upwards 
and forwards it is inserted on the outer edge of the zygocardiac ossicle. 

(ii) The Middle Pair.—The muscle of each side (l.co.) originates from 
the anterior thin portion of the infero-lateral cardiac ossicle and running 
upwards and forwards it is inserted on the outer edge of the zygocardiac 
ossicle in front of the insertion of the posterior muscle. 

(iii) The Anterior Pair—The muscle of each side (l.c3.) originates 
from the anterior thin portion of the infero-lateral cardiac ossicle. It 
runs forwards and upwards and is inserted partly on the prepectineal 
and partly on the postero-lateral cardiac plate. 
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(2) The Postero-Inferior Cardiac Muscle—It is a broad but thin 
transverse sheet of muscle (p.7.c.m.) (Fig. 10) extending between the edges 
of the latero-inferior cardiac ossicles. 

Contraction of the lateral cardiac and the postero-inferior cardiac 
muscles raises the floor of the cardiac stomach and also the cardiac-pyloric 
valve upwards and thus causes the closing of the cardiac pyloric opening. 


(3) The Anterior Cardiac Muscle——It is a median unpaired muscle 
(a.c.m.) (Figs. 8 A and 9) which arises from the anterior edge of the trun- 
cated mesocardiac ossicle and running forwards and downwards it breaks 
up into a number of diverging bands which are inserted on the anterior 
surface of the cardiac stomach. 

(4) The Antero-Lateral Cardiac Muscles.—These are paired. Each muscle 
(a.l.c.m.) (Fig. 9) originates from the outer border of the pterocardiac 
ossicle and running downwards and backwards over the lateral surface 
of the cardiac stomach it is inserted on the antero-lateral cardiac plate 
of its side. 


(5) The Ventral Intrinsic Pyloric Dilator Muscles.—These are paired. 
Each muscle (v.1.p.d.) lies external to the ventral extrinsic pyloric 
dilator muscle of its side. It originates from the anterior supra-ampul- 
lary ossicle and running forwards and slightly outwards it is inserted 


along the lower edge of the broad portion of the infero-lateral cardiac 
ossicle. 


(6) The Lateral Pyloric Muscles—The ossicles supporting the wall of 
the pyloric stomach are inter-connected by several pairs of small muscles 
which cause contraction of the pyloric stomach. 


5. The Mechanism of the Gastric Mill. 

When in a state of rest, the paired lateral teeth on the zygocardiac 
ossicles lie along the median line on the floor of the cardiac stomach. 
The two lateral teeth are separated from one another by a narrow space. 
The urocardiac ossicle stretches obliquely downwards and backwards over 
this space so that the median tooth overhangs the posterior ends of the 
lateral teeth (m.t.) (Fig. 2). The propyloric ossicle rests obliquely vertical 
and its upper edge is inclined towards the front. 

Due to the activity of the masticatory appendages, chiefly the first and 
the second maxillipeds, the first maxille and the mandibles, the food- 
material is reduced to a partially masticated condition. In this condition it 
is pushed into the cesophagus and finally into the cardiac stomach. The 
capacity of the cardiac stomach is regulated by its contractor and dilator 
muscles, Contraction of the contractor muscles pushes the food-material 
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backwards towards the gastric mill ; its regurgitation back into the 
cesophagus is prevented by the three valves at the cardiac cesophageal 
opening. 

When the anterior gastric muscles* contract the mesocardiac ossicle, 
together with the urocardiac ossicle, is pulled forwards. As a result of this 
forward pull the median tooth on the urocardiac ossicle is drawn forward. 
Due to the oblique position of the propyloric ossicle the movement of the 
median tooth, instead of being simply to and fro, is a curved one with the 
convexity pointing downwards. 

Since the anterior gastric muscles are also inserted on the pterocardiac 
ossicles, contraction of these muscles pulls the inner ends of these ossicles 
forward and slightly upwards. Consequentiy the outer ends of the ptero- 
cardiac ossicles are drawn inwards and slightly downwards, carrying along 
with them the outer ends of the zygocardiac ossicles. Contraction of the 
posterior gastric muscles similarly results in pulling the posterior ends of the 
zygocardiac ossicles backwards and slightly upwards. As a result of these 
pulling actions of the gastric muscles, the zygocardiac ossicles and 
consequently the lateral teeth are pushed inwards so as to meet along the 
median line. At the same instant, the median tooth also descends, meets and 
glides obliquely forwards in the space between the approximated lateral 
teeth. Thus the three teeth not only strike against each other but the 
median tooth acts as a grounding organ moving to and fro obliquely like a 
pestle over a mortar. 

When the gastric muscles are relaxed the ossicles of the gastric mill 
spring back to their normal position, partly, no doubt, due to the elasticity 
of the joints between them and partly to the contraction of the intrinsic 
cardiac-pyloric muscles. 


The gastric muscles are assisted to some extent by the lateral cardiac 
muscles, in the working of the gastric mill. Contraction of these muscles 
raises the cardiac pyloric valve and thus the cardiac pyloric opening is closed. 
At the same time the lateral teeth are also slightly raised upwards and this 
helps their coming together along the median line. 


The finer particles of food-material are swept backward by the comb- 
like sete along the lateral grooves on the floor of the cardiac stomach. 
These particles are accumulated in the front portion of the ventral chamber 


* According to Huxley (1880) the anterior gastric muscles and the posterior gastric 
muscles effect the movements of the gastric mill. Mocquard (1883) states that the 
movements of the gastric mill are brought about almost solely by the anterior gastric 
muscles ; the posterior muscles act very feebly. 
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of the pyloric stomach. They are then passed over the filtering-apparatus. 
The filtrate passes backwards into the midgut while the refuse is pushed 
into the upper pyloric chamber whence it is carried backwards into the 
hindgut. 

6. Discussion. 

The gastric mill and its related structures in the freshwater crab Para- 
telphusa guerini (M. Edw.) show the following differences from the corres- 
ponding structures of Cancer, which has been described in detail by Pearson 
(1908): (1) The-ossicles are stouter and more densely calcified ; (2) each 
lateral tooth consists of four large denticles and eleven to twelve thin 
vertical ridges; (3) the median tooth is composed of three large rhomboid 
denticles ; (4) the anterior gastric muscles are inserted partly on the meso- 
cardiac and partly on the pterocardiac ossicles; and (5) one of the outer 
posterior gastric muscles is inserted on the zygocardiac ossicle. There are 
other minor differences, ¢e.g., variations in the number, shape and disposition 
of smaller ossicles and muscles. 


It is interesting to note that the presence of a highly complicated 
gastric mill is accompanied with relatively less efficient masticatory appen- 
dages, especially the mandibles. In those forms, e.g., Astacus or the crab 
P. guerini, where the gastric mill is present, the mandible is a simple 


Pp. 


Trext-Fig. 1. Mandible of cray-fish, 
Astacus fluviatilis (after Huxley). 


TEXxT-Fic. 2. Mandible of crab, P. guerini. 


structure having a serrated (Text-Fig. 1) or a sharp and straight (Text-Fig. 2) 
cutting edge and a three-jointed palp (pp.). Onthe other hand, in those 
forms, e.g., Palemon, where the gastric mill is totally absent, the mandible 
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(Text-Fig. 3) is a highly efficient masticatory appendage consisting of a 
toothed incisor process (i.p.) and a prominent denticulate molar process 
(m.p.) and a three-jointed palp. 


The presence of the gastric mill and the simple mandibles or the 
absence of the gastric mill and the corresponding presence of the highly 
efficient mandibles may be explained with 
reference to the nature of the food-material, 
machanism of digestion and absorption of 
food and the habit and habitat of the 
animal. 


The food of the crab P. guerini com- 
prises of small insects, worms, tiny snails, 
moss, fungi, weeds, etc. Most of these 
foodstuffs are encased in chitinous or 
calcareous coverings which must be remoy- 

_ ed to expose the digestible portion of the 
food for the action of the digestive juices. 


Text-Fie. 3. Mandible of prawn, 
Palanen malcohncenti (1. Baw.) The crabs live in shallow water gener- 
ally by digging holes in the soft and wet 
earth along the edges of ponds, streams or lakes. These are nocturnal 
animals coming out of their holes at dusk or at night in search of food 
and retreat to their places of sanctuary as soon as they sense any danger. 
Such timid and shy habits necessitate a hurried swallowing of food-material 
without it being properly masticated by the masticatory appendages. 
In such a case the presence of a gastric mill in the cardiac stomach is 
essential to continue the process of mastication to its proper stage. 


The presence of the gastric mill is also necessitated by the nature 
of the digestive and absorptive mechanism im the crabs. The function 
of absorption of food is confined to the short midgut and the 
delicately walled tubules of the hepatopancreas. This is the view of 
Yonge (1923-24) with regard to a Macrura, in which a gastric mill is also 
present, and there is no doubt that it is equally applicable to Brachyura. 
The food-material must be in a fine state of division, unmixed with other 
non-digestible portions of food as far as possible, to facilitate easy digestion 
and subsequent absorption in the midgut and the hepatopancreatic tubules ; 
and hence the provision of the gastric mill and the pyloric filtering 
apparatus. 


It is thus possible to correlate the habit and habitat of the animal with 
the presence or absence or the degree of complexity of different organs of 
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mastication. I propose to give, in a subsequent paper, a comparative 
account of the gastric mills in various Brachyura with reference to their 
habits and habitats. 

7. Summary. 

(1) The gastric mill of the crab, Paratelphusa guerini, is described in 
detail. The anatomy of the foregut, the ossicles of the foregut and the 
muscles attached to these ossicles have been described in this paper. 

(2) The structure of the gastric mill is essentially the same as in 
Cancer described in detail by Pearson (1908). But it differs from it in 
shape, size, disposition and calcification of the ossicles, the nature of the 


denticles and ridges on both the lateral and median tooth and the origin 
and insertion of muscles. 


(3) The modus operandi of the gastric mill, 7.e., the actual working 
of its various ossicles and muscles, is described in detail. 

(4) In the concluding part of the paper it is pointed out that cor- 
related with the complex nature of the gastric mill is the presence of 
comparatively simple mandibles which are ill-adapted for mastication. 

The presence of a complex masticatory mechanism in the cardiac 
stomach and a filtering apparatus in the pyloric stomach has been 
explained with reference to 

(a) the nature of the food-material which necessitates strong masti- 

cation, 

(b) the habit and habitat of the crab which necessitate hurried 

swallowing of food without it being properly masticated, and 

(c) the necessity of reducing the food-material to fine particles to 

facilitate digestion and absorption in the short midgut and the 
narrow hepatopancreatic tubules. 
EXPLANATION OF FIGURES. 


Fic. 1.—Ventral view of the oral region with the left mandible removed to show the 
oral aperture and the buccal cavity. 


Fic. 2.—Vertical longitudinal section of the foregut passing through the median plane 
showing the inner view. 
Fic. 3.—Diagrammatic transverse section of cesophagus showing the condition of 
its wall and lumen. 
Fic. —a view of the ossicles of the foregut, anterior portion slightly pressed 
own. 
Fic. 


5.—Anterior view of the ossicles of the gastric mill separated from one another. 
Fie. 6.—Lateral view of the foregut showing the ossicles. 


7.—Ventral view of the ossicles of the foregut, posterior portion slightly raised 
upwards. 


Fic. 8 A.—-Figure 4 with muscles superimposed upon it. 

8 B.—Inner view of the carapace showing the impressions of muscles. 
9.—Figure 6 with muscles superimposed upon it. 

Fic. 10.—Figure 7 with muscles superimposed upon it. 
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Muscle of the Gastric Mill. m.p. .- Molar Process of the Mandible 
a. Ampulla. M.8.0. Middle Supra-ampullary 
a.c.m. . Anterior Cardiac Muscle. Ossicle. 
ag. .. Anterior Gastric Muscle. mt - Median Tooth. 
aap. .. Antero-inferior Pyloric Ossicle. 0. .. Cardiac Pyloric Opening. 
a.l.em. .. Antero-lateral Cardiac Muscle. @. Oesophagus. 
a.l.e.p. . Antero-lateral Cardiac Plate. 0.p.g. .. Outer Posterior Gastric 
a.m.p .. Anterior Mesopyloric Ossicle. Muscles. 
a.8.a. - Anterior Supra-ampullary p. Pyloric Ossicle. 
Ossicle. pp. Mandibular Palp. 
B. - Inner pair of the paired intrinsic pe. - Pectineal Ossicle. 
gastric muscles. p.i.c.m. .. Postero-inferior Cardiac 
Cc. . Outer pair of the paired intrinsic Muscle. 
gastric muscles. p.l.c.p. .. Postero-lateral Cardiac Plate. 
C.p.v. .. Cardiac Pyloric Valve. p.m.p. .. Posterior Mesopyloric Ossicle. 
d.p.d. Dorsal Pyloric Dilator Muscle. po.pe. .. Post-pectineal Ossicle. 
ex.p. .. Exopyloric Ossicle. pr.p. Prepyloric Ossicle. 
. Filter. pr.pe. .. Pre-pectineal Ossicle. 
hg. .. Hind-gut. p.8.a. Posterior Supra-ampullary 
iar. . Inter-ampullary Ridge. Ossicle. 
i.e. . Infero-lateral Cardiac Ossicle. pt.c. .. Pterocardiac Ossicle. 
ip. . Incisor Process of the Mandible. _ s.a.f. .. Supra-ampullary Fold. 
i.p.g- Inner Posterior Gastric Muscle.  s.d. Sub-dentary Ossicle. 
la. Labium. u.a.d Upper Anterior Dilator 
l.a.d. . Lower Anterior Dilator of the Muscle. 
Cardiac Stomach. .. Urocardiac Ossicle. 
la.t. . Lateral Accessory Teeth. U.P. .. Uropyloric Ossicle. 
l.c,. . Posterior Lateral Cardiac v. .. Bent portion of Post-pectineal 
Muscle. Ossicle. 
leg. .. Middle Lateral Cardiac Muscle. v,.,v,.& Dorsal, lateral and ventral 
Le. .. Anterior Lateral Cardiac Muscle. V3. valves at the junction of 
lLe.p.v. .. Lateral Cardiac Pyloric Valve. the pyloric stomach and 
l.d.m. _.. Lateral Dilator Muscle. the mid-gut. 
lg. .. Ligament. vg. Ventral Groove. 
lp. .. Lateral Pyloric Ossicle. v.e.p.d. .. Ventral Extrinsic Pyloric 
lL.p.m. .. Lateral Pyloric Muscles. Dilator Muscle. 
.. Labrum. v.i.p.d. .. Ventral Intrinsic Pyloric 
Lateral Tooth. Dilator Muscle. 
Lv. .. Lateral Valve of the Oeso- vv. . Valve on the posterior fold 
phagus. of the Oesophagus. 
ma. Mandible. .. Zygocardiac Ossicle. 
m.c. .. Mesocardiac Ossicle. 1,2,3,4.. Anterior, posterior, and 
mg. .. Mid-gut. lateral folds of the muscular 
wall of the Oesophagus. 
REFERENCES. 
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7. Introduction. 


THE Liliacee have always been of interest to the morphologist and 
cytologist because of the large size of their nuclei and the ease in staining 
them. For these reasons, it is one of the best worked out families of 
the Angiosperms. 


The development of the embryo sac shows considerable variation 
and no less than five types have been described in this family alone. 


(7) Normal Type—vThere is a tetrad of 4 megaspores arranged 
in the form of a ‘“‘T”’ or in one longitudinal row. Occasionally this row 
is reduced to three by omission of division in the upper dyad after 
the first reduction division. | Usually the lowest megaspore functions 
and by three successive divisions gives rise to a normal 8-nucleate embryo 
sac. Sometimes the remaining megaspores also begin to divide and in 
Gloriosa (Afzelius, 1918) all four develop as far as the 2-nucleate stage. 


(2) Lilium Type.—Here all the four megaspore nuclei divide once 
and give rise to the 8-nucleate embryo sac. In some cases transitory 
cell plates are laid down between the four nuclei formed as a result 
of the reduction divisions, but these are ephemeral and later dissolve 
and disappear. This type of development is about as common in the 
family as the first. Stenar (1927) has reported an exceptional condition 
in Gagea lutea, where after the 4-nucleate stage one nucleus does not divide 
further, resulting in a 7-nucleate embryo sac with only two antipodal cells 


instead of three. This condition has been described for a few other 
plants also. 


(3) Scilla Type.—tIn this case after the neterotypic division, the nucleus 
of one of the dyads, usually the chalazal, divides thrice to form an 
8-nucleate embryo sac. Ina few cases the other dyad may also divide, 


* The generic name is Mondo in Engler and Prantl. 
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but the daughter nuclei degenerate as reported by Spangler (1925) in 
Trillium sessile. ‘Though this type of development is not so common as 
the first two, it has nevertheless been reported in more than a dozen 
plants of the family. 


(4) Cnothera Type.—As the name suggests, this type of embryo 
sac development is characteristic of the family Ginotheracee, but it has 
also been reported for one of the Liliacez, Clintonia borealis (Smith, 
1911). The megaspore mother cell undergoes the usual reduction divisions 
to form four megaspores lying in a row, but the walls quickly disappear. 
The three lower nuclei degenerate and the micropylar divides twice to give 
rise to a 4-nucleate embryo sac consisting of the usual egg apparatus 
and a single polar nucleus. The entire group of antipodal cells and the 
lower polar nucleus are absent. 


(5) Recently Bambacioni (1928) has described a peculiar mode of 
embryo sac development in Fritillaria persica which appears to be 
intermediate between the ‘‘ Peperomia’”’ and ‘‘Lilium’’ types. Of the 
four megaspore nuclei produced after reduction division, one lies toward 
the micropylar end and three towards the lower end of the megaspore 
mother cell. These divide simultaneously but the spindles of the three 
chalazal nuclei fuse so that after the division is completed there are only 
four nuclei in the embryo sac, the two in the micropylar end being haploid 
and the other two triploid. The next mitosis gives rise to a group of 
four haploid nuclei in the micropylar end and four triploid nuclei in the 
chalazal end. Though the mature embryo sac is only 8-nucleate, it 
resembles the Peperomia-type in having four nuclear divisions instead of 
only three as in the Lilium-type. 

Because of these embryological variations, the writer started some 
work on the Indian Liliaceee in 1929 and this is the first paper of the 
series. A discussion of the general results will follow in the concluding 
paper. 

2. Historical. 

It is out of the scope of this paper to review the enormous amount 
of literature that has accumulated on the family Liliacee. Schiirhoff 
(1926) gave a summary of the work done till that time and this has been 
followed by Schnarf in 1931. The tribe Ophiopogonioidee, however, 
is almost unknown morphologically. Guerin (1927) studied the early 
stages in the development of the anther in some of the Liliacee— 
Senseviera, Liriope, Ophiopogon and Peliosanthes. Of these Senseviera 
is peculiar in having a single row of microspore mother cells in each lobe; 
the other genera are normal. Ono (1928), in a paper on endosperm 
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formation in the Liliaceze, states that it is of the free nuclear type in 
Liriope graminifolia. Recently Dellert (1933) has found that in 
Wachendorfia paniculata, a member of the allied family Hemoderacee, 
the anther tapetum gives rise to a true periplasmodium and the endosperm 
development is of the ‘‘Helobiales-type”’. 


3. Material and Methods. 


The greater part of the material was obtained from Mussoorie where 
the plant is common in deep oak forests in the rains. Another species, 
O. intermedius, is also met with under identical conditions and is 
distinguished from O. wallichianus by the fact that the latter is larger and 
has a thicker root-stock. Besides, the inflorescence axis in O. intermedius 
is almost or quite cylindrical, while that of O. wallichianus is sharply 
angular and much flattened. There are, however, gradations between the 
two and some authors regard them as identical. 


The late Dr. Winfield Dudgeon, who suggested this work, collected some 
material in the year 1929 in formalin-acetic-alcohol and handed it over 
to me for investigation. I fixed further materialin the year 1930 in both 
formalin-acetic-alcohol and chrom-acetic acid. This was supplemented 
by another collection made by Prof. B. Sahni of I,ucknow from Iansdowne, 
Garhwal, in July 1932. 

The usual methods of dehydration and imbedding were employed. 
Both safranin-gentian violet and iron-alum hematoxylin gave good results. 
Picric acid was used to destain the hematoxylin in place of iron-alum 
(Maheshwari, 1933). 


4. Microsporogenesis and Male Gametophyte. 


Fig. 1 shows a transverse section of a young anther with no 
differentiation of the sporogenous tissue. The primary archesporial cells are 
distinguishable only at a later stage and appear in four groups, one in each 
lobe of the anther (Fig. 2). The outer cells by periclinal divisions cut off a 
layer of primary wall cells towards the outside (see Fig. 2, upper lobe, towards 
the right) which soon becomes 2-layered (Fig. 3). By further divisions 
usually 4 layers of wall cells are produced consisting of the endothecium, 
two middle layers and the tapetum. In some large anthers the number 
increases still further by periclinal divisions here and there (Fig. 4), 
and in others only 3 wall layers may be present (Fig. 5). 

All the sporogenous cells do not reach the mother cell stage. Some 
are abortive and may serve to nourish the remaining cells. In a few 
cases it was noticed that of the four anther lobes, one or two became 


immaturely arrested in their development, resulting in a degeneration 
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of all the sporogenous cells and the formation of a deeply staining structure- 
less mass. 


Fig. 5 shows the microspore mother cells in synizesis. The middle 
layers begin to break down at this stage and the tapetal cells become 
binucleate. The divisions of the microspore mother cells are successive 
and isobilateral tetrads are produced (Fig. 6). Degenerations are frequent 
during this period also. Sometimes it happens that after the heterotypic 
division, one of the dyads begins to disorganise, and several tetrads were 
found with one or two microspores in process of degeneration. The 
microspore nucleus divides to form the tube and generative nuclei and 
a wall is laid down between them at first (Fig. 7), but later it dissolves 
leaving the two nuclei free in the cytoplasm of the pollen grain (Fig. 8). 
The exine is smooth and the endothecium develops the usual fibrous 
thickenings at maturity. The number of healthy pollen grains produced by 
a plant is very small as compared with the extent of sporogenous tissue 
in the anthers. 


5. Megasporogenesis and Female Gametophyte. 


Fig. 9 shows the primary archesporial cell which is distinguishable 
from the rest of the nucellar celis by its larger size and different staining 
reactions. Fig. 10 is a longitudinal section through a somewhat older ovule 
in which the archesporial cell has slightly enlarged and the inner integument 
has also made its appearance. Occasionally two archesporial cells may 
be found in the same nucellus. Figs. 11 and 12 represent two successive 
sections of the same ovule. In Fig. 11 there is a megaspore mother cell 
in synizesis lying directly below the epidermis. In the next section (Fig. 12) 
there is another megaspore mother cell with a wall cell cut off towards 
the outside. Fig. 13 shows two sporogenous cells lying side by side in the 
same nucellus below the epidermis, and occasionally deeper-lying cells 
of the nucellus enlarge and simulate the appearance of megaspore mother 
cells. In one such case, a cell was found in the synizesis stage with 
the clromosomes balled up towards one side of the nuclear membrane. 


The primary archesporial cell may enlarge and function directly 
as the megaspore mother cell (Fig. 11), or it may first cut off a wall cell 
towards the outside (Fig. 12). Both of these conditions are equally common 
in this plant. A similar thing has been reported to occur in a few other 
plants of the family. Dahlgren (1927) has recently brought together 
the literature on this and he gives a table enumerating those plants of the 
family in which wall cells are present and others in which wall cells are 
absent. From a study of this list one finds that in some plants, ¢.g., 
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Hemerocallis fulva, Polygonatum commutatum, Medeola virginica, Smilacina 
amplexicaulis, Smilacina racemosa, and Smilacina stellata, wall cells are 
present in some cases and absent in others. To these names may be added 
that of Ophiopogon wallichianus. 


The megaspore mother cell (Fig. 14) undergoes the usual reduction 
divisions. At the time of the first division, the nucleus moves slightly 
towards the upper end of the cell (Fig. 15), so that of the two resulting cells, 
the lower is larger than the upper (Fig. 16). Inthe second division the 
mitosis in the lower cell seems to proceed quicker than in the upper. In 
one case which came to my notice, the upper dyad showed a spindle in 
metaphase and the jower was in late telophase. Fig. 17 shows a normal 
tetrad of four megaspores. In some cases the division in the upper dyad 
takes place obliquely or at right angles to the one in the lower dyad, 
resulting in a T-shaped tetrad (Fig. 22). In one case only a row of three 
cells was observed (Fig. 18). A search was made for the fourth in the 
adjacent sections, but it was found to be absent. Considering the fact 
that it is the upper dyad which shows most variations in its mode of 
division, it may reasonably be interpreted to mean that when there are 
only ‘‘three megaspores’’, this is due to a failure of division in this cell. 


In all cases the chalazal megaspore functions and the upper three soon 
degenerate (Figs. 20, 21, 23). The epidermal cells divide anticlinally to 
keep pace with the growth of the nucellus, but periclinal divisions also 
occur occasionally. The integuments are fairly well advanced at this 
stage (Fig. 22). The inner is made up of two cell layers though it later 
becomes thickened at the tip due to divisions of cells in this region. The 
outer is three layers thick but becomes 4-5 layered at maturity. 

As mentioned before, in some cases the megaspore mother cell is 
situated directly beneath the epidermis and no wall cell is cut off. 
Consequently such megaspore tetrads also lie directly below the epidermis 
(Figs. 17, 19). In other cases a wall cell is cut off, but divides no further 
(Fig. 20). In still other cases it undergoes periclinal and anticlinal divisions 
forming 4 cells (Fig. 21). 

Fig. 23 shows the functioning megaspore with the three degenerating 
megaspores at the top. Fig. 24 shows a stage in which its nucleus has divided 
but the daughter nuclei are still connected by means of spindle fibres. 
Fig. 26 shows a larger 2-nucleate embryo sac with the three degenerating 
megaspores still present on the top and the two nuclei separated by a large 
vacuole in the centre. In this case no wall cells are present. Fig. 25 isa 
diagram of an ovule drawn from another slide to show the growth of 

the integuments and the way in which it is oriented in the ovary. 


| 3 
e 
e 
e 
it 
ic 
d 
25 
). 
1S 
le 
le 
1g 
le 
at 
ly 
ye 
2) 
1s 
1e 
ls 
er 
th 
ly 
er 
er 
he 
re | 


202 Panchanan Maheshwari 


The next stage is represented in Fig. 27, showing the 4-nucleate embryo 
sac. After this stage the wall cells degenerate entirely, even if they were 
present before. The mature embryo sac (Fig. 28) is of a large size and has 
the usual structure found in angiosperms. There is a normal egg- 
apparatus consisting of two synergids and an egg. The synergids are 
vacuolated at the lower end, and the nucleus lies in the upper part of the 
cell. In the egg, the nucleus with the greater part of the cytoplasm lies 
at the lower end and a large vacuole occupies the upper end. The polar 
nuclei meet in the middle or slightly towards the base, and the fact that 
this stage was repeatedly met with seems to indicate that it is of a long 
duration. The fusion nucleus is of a large size and lies just above the 
antipodal cells which are three in number. The lower portion greatly 
increases in width leaving the antipodal cells in a small pouch at the base. 
The synergids are the first to disintegrate. 


It is of interest to note that all the six ovules in an ovary may not 
develop at the same rate. Slight differences were of frequent occurrence 


and in one case embryo sacs with 2, 4 and 8 nuclei were seen in sections cut 
from the same flower. 


Further development could not be followed due to lack of suitable 
material of the required age. 

6. Summary. 

1. After the appearance of the four lobes a group of archesporial 
cells is differentiated in each lobe of the anther. The outermost cells by 
periclinal divisions cut off a primary parietal layer which produces the 
endothecium, two middle layers and the tapetum. 

2. The divisions of the microspore mother cells are successive and 
give rise to isobilateral tetrads. The microspore nucleus divides resulting 
in a small generative and a large vegetative cell. Later the two nuclei 
become free by disappearance of the wall between them. 


3. Degenerations are met with at almost every stage in the anther 
after the differentiation of the sporogenous cells. 

4. The ovules have two integuments and are completely anatropous. 
There is usually a single archesporial cell but frequently two are met with 
in the same nucellus. A wall cell may or may not be cut off. 


5. The megaspore mother cell on reduction gives rise to four 
megaspores, arranged in a longitudinal row or in the form of a ‘‘T’’. Rarely 
a row of only three megaspores is produced. 


6. The lowest megaspore always functions and produces a normal 
8-nucleate embryo sac. The synergids are ephemeral. 
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EXPLANATION OF PLATES. 
PLATE XIX, 


Fic. 1.—T.S. very young anther. x 335. 
Fic. 2.—T. 8S. slightly older anther showing differentiation of archesporial cellsin the 


lobes. 


x 335. 


Fic. 3.—T. S. anther lobe showing group of sporogenous cells and two wall layers. 


x 390. 


Fic. 4.—Same; older stage. x 390. 

Fig. 5.—Microspore mother cells in synizesis. x 390. 

Fie. 6.—Isobilateral tetrad of microspores. x 750. 

Fic. 7.—Pollen grain with tube and generative cells. x 750. 

Fic. 8.—-Mature pollen grain with tube and generative nuclei lying free in the cyto- 


plasm. 


x 750. 


Fic. 9.—Nucellus with archesporial cell. x 390. 
Fic. 10.—Same ; older stage showing appearance of inner integument. x 390. 


PLATE XX. 


Fies. 11, 12.—Successive sections of an ovule drawn to show presence of two megaspore 
mother cells in the same nucellus. xX 390. 


Fig, 13,—Nucellus with two megaspore mother cells lying side by side, x 390, 
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14.—Megaspore mother cell in prophase of first reduction division. x 390. 
15.—Same ; in metaphase. x 390. 


16.—Megaspore mother cell divided into two cells. x 390. 

17.—Tetrad of megaspores lying below theepidermis. x 390. 
PLATE XXI. 

18.—A row of three megaspores. x 390. 

19.—Tetrad of megaspores ; lower enlarging. x 390. 


. 20.—Same ; showing presence of a wall cell under the epidermis. x 390. 
. 21.—Same; primary wall cell has divided anticlinally and periclinally to give 


rise to four cells. x 390. 


. 22.—Ovule with integuments. The upper two megaspores are lying obliquely at 


right angles to the lower two. x 390. 


. 23.—Functioning megaspore with 3 degenerating megaspores. x 390. 
. 24.—Same ; nucleus divided into 2 daughter nuclei. x 390. 


PLATE XXII. 
25.—Diagram of ovule with 2-nucleate embryo sac. x 172. 


. 26.—Two-nucleate embryo sac enlarged. xX 390. 
. 27.—Four-nucleate embryo sac. x 390. 
. 28.—Mature embryo sac with egg apparatus, 3 antipodal cells, and a large fusion 


nucleus. The synergids are in process of degeneration. x 225. 
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Introduction. 


ALTHOUGH it has generally been accepted that of all the Anthocerotales 
Notothylas shows the nearest approach to other groups of Iiverworts in 
the structure of its sporophyte, the only instance where any direct 
relationship has been suggested is to be found in the classical researches 
of Leitgeb.'% From an examination of N. breutelit and N. fertilis he 
concluded that the sporogenous tissue is derived from the endothecium 
as in other Liverworts and that the columella, when present, is due to 
secondary differentiation within the archesporium like the elaterophore of 
Pellia. In view of this similarity, he regarded Notothylas as a connecting 
type between the Jungermanniales and the other Anthocerotales. 


This view found little support from the subsequent investigators, who, 
on the contrary, have claimed that in Notothylas also, the primary 
sporogenous tissue arises precisely in the same way as in Anthoceros. The 
amphithecial archesporium has therefore generally been regarded as 
a characteristic feature of the Anthocerotales and a fundamental point of 
difference from other Liverworts. 

In the light of these observations which had all the facilities of the 
modern technique and which are based on a study of the embryogeny of 
several species by different investigators, doubts have been raised on the 
conclusions of Leitgeb, which were made more than fifty years ago and 
which were based mostly on an examination of herbarium material. The 
only fresh material at his disposal was that of N. fertilis.™ 

It has thus generally been felt that, so long as we do not definitely 
ascertain, that in some species of Notothylas at least, the endothecium alone 
forms the sporogenous tissue, there is little justification for Leitgeb’s view 
of the close relationship between the Anthocerotales and other Liverworts. 
That we have not been able to settle this question so far is largely 
due to a lack of knowledge of those species of the genus that have no 
columella, 
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The only contributions to our knowledge that took into account 
the origin of the sporogenous tissue in such species, as far as I know, 
are those of the late Prof. Goebel on N. flabellata’ and of Kashyap 
and Dutt on N. levieri.11. Unfortunately, the authors in both the cases 
were handicapped by a want of suitable material and though they 
observed that there is no columella their views are not in agreement 
among themselves with regard to the origin of the sporogenous tissue. 
Thus, while for N. flabellata Goebel could not definitely ascertain if any 
part of the sporogenous tissue is derived from the amphithecium, Kashyap 
and Dutt thought that in N. levieri this tissue is partly derived from the 
amphithecium and partly from the endothecium. 


An investigation of the two Indian species was therefore undertaken 
by me in 1926 as it appeared that questions such as the above could only 


be settled from a detailed and comparative study of the embryogeny of a 
columellate and a non-columellate species of the genus. 


My observations on N. indica have been published elsewhere!® and 
some preliminary papers have been contributed on N. levieri also.29. 21.22 
The object of the present communication is to describe in detail the 
results of my investigations on N. levieri, to discuss the relationships of 
the two Indian species and finally, if possible, to say a few words on the 
relationships of the genus. 


It is my pleasant duty to record here my most sincere thanks to 
Professor B. Sahni for his very kind guidance, helpful criticism and very 
keen interest and advice throughout the progress of this work. I am also 
deeply indebted to him for various other facilities which he has always 
generously provided. To Rai Bahadur Professor S. R. Kashyap I am 
thankful for many helpful suggestions and kindly criticism. 


Historical. 


The genus Notothylas was-established by Sullivant (see Lang!2). 
According to him the sporogonia have a columella. In 1856 Milde found 
another plant in Germany and as this plant had no columella he made it 
the type of a new genus Chameaceros..\6 Two years later Gottsche 
(see Lang!?) examined carefully all the species known at that time and 
discovered that in many cases Milde’s plant had a columella and hence 
he referred it back to Notothylas. The apparent absence of a columella, 
he thought, was due to disorganisation of this structure. Milde,!7 on a 
reinvestigation of the genus in 1859, concluded that in every case the 
columella ultimately breaks down into its component cells. These cells 
are similar to the sterile cells. 
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The obvious result of these observations was that the columella in 
Notothylas was regarded as an unstable structure which might break up 
into its constituent cells in the mature sporogonia and hence may be 
demonstrated in some cases but not in others. 

An important work and the earliest one that took into account the 
development of the sporogonium is that of Leitgeb.% ‘The observations 
recorded in his monograph published in 1879 are based on a study of 
herbarium material of N. valvata, N. melanospora, N. breutelit and on fresh 
material of N. fertilis. Like the earlier investigators he also thought that 
the columella may be present in some capsules but absent from others in 
‘the same species, but he held that in those cases where the columella was 
absent it was not due to the breaking down of its cells as was previously 
thought, but in such cases no columella was ever formed. By examining 
some young sporogonia of N. fertilis and N. breutelit he further concluded 
that the central tissue (endothecium), which in other Anthocerotales forms 
the columella, in Notothylas produces the archesporium; and that the 
columella, when present, arises only as a secondary structure within this. 
In those cases where a well-developed columella was present he thought that 
it might have possibly (but not probably) arisen in the same way as in 
Anthoceros, but doubted if such an important act as the laying down of the 
sporogenous tissue should take place in two different ways in the same genus. 

In 1894 appeared the results of Mottier’s investigations on N. orbicu- 
laris..8 He made a detailed and careful study of the embryogeny and 
concluded that the sporogenous tissue is produced from the amphithecium 
and that the endothecium produces the columella precisely in the same way 
as in Anthoceros. These observations were later confirmed by Campbell,? 
who questioned the correctness of Leitgeb’s view in this connection.2.5 
Prof. Campbell remarks (Mosses and Ferns, p. 155) ‘‘ That this is not true 
for N. orbicularis is shown beyond question from sections of both the older 
and younger sporogonium, and it would be extremely strange if the other 
species should differ so radically from this one as would be the case were 
Leitgeb’s surmise correct.” 


T,ang’s observations on N. breutelii were published in 1907.12 He con- 
cluded (Ann. Bot., 1907, p. 207) that ‘‘ the embryogeny conforms to the usual 
type for the Anthocerotacee, but that the endothecium instead of being 
devoted to the formation of a sterile columella, forms sporogenous tissue 
for the greater part of the intercalary growth of the sporogonium. In a 
considerable proportion of cases, however, it produces sterile tissue towards 


the close of development.”” A year later Campbell described a somewhat 
similar condition in N. javanicus,?: 3 
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The first account of a non-columellate species of Notothylas, apart from 
Leitgeb’s work, is that of N. flabellata by Goebel, but his observations 
regarding the origin of the sporogenous tissue are not quite conclusive.8 

In 1925 Kashyap and Dutt published an account of N. levieri Schiff. 
and N, indica Kashyap." In the case of N. levieri they recorded the opinion 
that there was no columella and that both the endothecium and the inner 
layers of amphithecium contributed to the formation of the sporogenous 
tissue, while in N. indica they believed that while the endothecium formed 
the columella, the sporogenous tissue was produced from the amphithecium 
alone. These conclusions were based on a study of the meristematic zong 
in the mature sporogonium. 


In the same year appeared a paper by Campbell on the relationships of 
the Anthocerotaceze* and a few years later was published the 3rd edition of 
his book on Mosses and Ferns. In both of these publications Campbell 
maintained his previous views with regard to the origin of the sporogenous 
tissue and the nature of the columella in Notothylas. It appears that he 
still doubted the existence of a non-columellate species of Notothylas. While 
speaking of the differences between the Anthocerotacee and the other Liver- 
worts (Flora, 1925, p. 66), he says, ‘‘ The most marked feature of the embryo 
is the origin of the archesporium, or primary sporogenous tissue, which differs 
from that of all other Bryophytes, so far as is known, except Sphagnum.” 


“The central tissue (endothecium), which in other liverworts and 
most Mosses gives rise to the sporogenous cells, in the Anthocerotacez forms 
a sterile columella, while the sporogenous tissue is derived from the outer 
tissue (amphithecium) (Fig. 3, A, B).”’ 

At another place (Flora, 1925, p. 67) he observes, ‘‘ The writer has 
examined carefully the development in two species, N. orbicularis and 
N. javanicus. In both of these the sporogenous tissue was cut off, as usual, 
from the amphithecium and a columella was present. In N. javanicus the 
smaller capsules showed a decided reduction in the size of the columella, 
and it is possible that in this species a complete suppression of the columella 
might occur; but no cases of this kind were seen, and we doubt if such is 
ever the case.” 


Quite recently the author investigated N. indica!® and his observations 
regarding the origin of the sporogenous tissue in this species are quite in 
harmony with those of Kashyap and Dutt.!! 

Occurrence and Distribution. 


Notothylas levieri Schiff. is a common liverwort that grows abundantly 
during the rains in the outer and the middle Kumaon Himalayas generally 


be 


it 


M 
: 

W 
of 
fo 
ge 
cl 
ae 3 
h 

t 
a 

tat 


Morphology of Notothylas levieri Schiff. Ms. 209 


between the heights of 6,000 and 7,000 feet. The plant is very common at 
Mussoorie and Nainital where, often on moist and shady northern slopes, 
it forms beautiful light green patches. 

Material and Methods. 

The material for this study was chiefly collected from Mussoorie in the 
Western Himalayas. Some material was also obtained from Nainital in the 
same region. Collections were made from time to time between the months 
of August and October, the growing season of the plant. Sex organs are 
formed early in August and hence the material collected at this time is good 
for the study of the development of these and the early stages in embryo- 
geny. Plants collected at the end of the season show only the mature 
sporogonia. The material was mostly fixed in various strengths of 
chromacetic acid and Flemming’s solutions but a part of it was also fixed 
in Bouin’s and Benda’s solutions. In every case the fixation was done 
in the field. Dehydration was carried out by gradual degrees (5-10-15-20- 
30-40-50% at intervals of 6 hours and 60—70-80% at intervals of about 10 
hours) and the material brought to 90% alcohol; then it was gradually 
transferred to a mixture of equal parts of glycerine and 90% alcohol. The 
corks of the tubes containing the material were replaced by cotton-wool and 
the tubes were kept in stoppered jars of alcohol-glycerine. From these jars 
the material was taken out when required and carefully dehydrated with 
absolute alcohol. It was then cleared with xylol and embedded in the 
usual way. Sections were cut 4-10 microns thick and stained with Haiden- 
hain’s iron hematoxylin. In some cases safranin alone or in combination 
with gentian violet was also used. 


Thallus. 


The form and structure of the thallus 6f N. leviert have been accurately 
described by Kashyap" and Stephani® and most of the facts presented here 
conform to their observations. The plants are rather thin and delicate and 
light green in colour. Very often they grow crowded together in small 
thick patches and are then generally obovate. Sometimes, however, they 
form complete circular rosettes. The margins are finally dissected and the 
lobes are narrow and toothed. The structure of the thallus is essentially 
similar to that of N. indica. ‘The greatest thickness in the middle is up to 
6 cells. The epidermal cells are much smaller and each contains a single 
large chloroplast. There is a single large initial and the growth of the 
thallus takes place exactly as in other species (Fig. 1). The familiar 
mucilage cavities containing Nostoc colonies are quite common. There are 
no scales and only smooth walled rhizoids are present. The latter sometimes 
become irregularly lobed near their free ends. 
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Sex Organs. 


N. leviert is moncecious and not dicecious as has sometimes been 
supposed.!0,!1_ The sex organs are formed early in the season and both the 
antheridia and archegonia may be borne on the same lobe of the thallus, 
Usually the antheridia make their appearance first. In all these respects 
N. levieri closely resembles N. indica. Plants collected late in the season 
contain only the mature sporogonia and this is probably the reason that 
‘the species has previously been regarded as dicecious. 


Antheridium. ‘The antheridia are formed near the growing point but 
with the growth of the thallus they are shifted further back. Usually 3 or 4 
antheridia occur inside each antheridial cavity but in some cases there may 
be more. The details of development have not been followed, but an 
examination of stages like those shown in Figs. 2-3, indicates that the 
process is probably the same as in other members of the group. The sperm 
mother cells are very small and difficult to fix and the details of spermato- 
genesis are not easily followed. The roof of the antheridial chamber is two 
layered (Figs. 2-3). 


Archegonium. Like the antheridia the archegonia are also produced 
near the growing region of the thallus. They are sunken and inconspicuous. 
The sequence of development is of the usual type and is illustrated in Figs. 
1, 4-10. The mature archegonium has four neck canal cells but sometimes 
there may be more. This is true for N. indica also but occasionally as 
many as six were seen in that species.!9 Mottier!§ records only three neck 
canal cells for N. orbicularis but Campbell? gives the number as five in the 
same species. In N. javanicus, Campbell? observed only three neck canal 
cells but added that exceptionally there may be more. 


As in N. indica the neck of the archegonium is generally quite wide 
and the ventral canal cell is practically of the same size as the egg. In one 
case unusually large neck canal cells were observed and the canal was 
almost as wide as the venter (Fig. 11). The cover cells are four in number 
and in a mature archegonium these are quite above the general level of the 
thallus and much distended (Fig. 9). 


Abnormal archegonia. Two Cases of anomalous archegonia were 
observed. In one of these (Figs. 12, 13) two archegonia were noticed lying 
side by side without any intervening tissue. A longitudinal septum was 
seen between the two venters both of which had an egg and a ventral 
canal cell. An examination of the succeeding sections of the series showed 
that in the region of the neck also there was no tissue between the canal 
cells of the two archegonia, 
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In another case the lowermost neck canal cell has divided by a 
longitudinal wall. A somewhat similar condition has previously been 
described by the author in N. indica. 


Embryo. 


The fertilised egg almost completely fills the entire cavity of the 
venter (Fig. 14). Only a very few two-celled embryos were sectioned. In 
all these cases the division wall was longitudinal (I‘ig. 15) as in 
N. javanicus? and Anthoceros..* In N. indica” and N. orbicularis'® this 
wall is transverse. Evidently, in some species of Notothylas the first division 
in the oospore is transverse, while in others it is longitudinal. ‘The next 
divisions are transverse and divide the embryo into four cells. The upper 
two cells are somewhat larger than the lower ones. Presumably vertical 
walls are now laid down in these cells and give rise to an eight-celled embryo 
(Fig. 16). I,ater on by further transverse divisions in the upper cells the 
three tiers of the embryo are established (Fig. 17). Of these tiers the 
uppermost is the largest. Probably the lower two tiers produce the foot, 
while both the capsule and seta are derived from the uppermost tier alone 
as in N. indica.!® Periclinal walls now separate the central tissue 
(endothecium) from the peripheral tissue (amphithecium) (Figs. 18-20). 
These walls are more or less concentric with the outer walls and are laid 
down in the uppermost tier of the embryo (Fig. 18). In some cases the 
embryo at this stage consists of four tiers (Fig. 19). So far the process is 
practically the same as in other Anthocerotales, but an essential difference 
is seen in the formation of the sporogenous tissue. 


The central tissue (endothecium) which in all other genera of Anthocero- 
tales forms the columella in N. leviert produces the sporogenous tissue alone ; 
while the entire peripheral tissue produces only the wall (Figs. 18-25). In 
this respect the species in question differs from all other members of the 
Anthocerotales for which the structure is definitely known and corresponds 
closely to the condition found in other Liverworts. 


As on this point my conclusion was opposed to that of previous 
workers, I had at first some hesitation in making a definite statement. But 
from an examination of more than three hundred serial preparations of 
almost all the stages of the sporophyte I am now able to say with 
confidence that in this species the endothecium alone is fertile, while the 
entire amphithecium forms only the wall (see Figs. 18-25 and microphoto- 
gtaphs 28-30, 34 and 36-38). In young sporogonia often the inner cells of 
the amphithecium have dense granular contents similar to those of the 
endothecial (archesporial) cells and occasionally the distinction between the 
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endothecium and amphithecium is not sharp (Fig. 22). If we had only 
such sporogonia at our disposal, it would be difficult to decide the limits of 
the sporogenous tissue. Prof. Goebel noticed a somewhat similar condition 
in N. flabellata but he could not say whether these cells were of 
archesporial nature or not.8 In N. Jeviert the author has studied this 
question very thoroughly and a comparison of the embryos of 
different ages (Figs. 18-25 and microphotographs 28-30, 34 and 36-38) 
establishes beyond all doubt that the amphithecium never contributes 
to the sporogenous tissue. The archesporium can be clearly traced down- 
wards to four rows of cells in the stalk (only two such rows can be seen 
in a longitudinal section) (Figs. 23-25 and microphotographs 29-30, 34 
and 36-38). 


Gradually the dense granular contents of the inner amphithecial cells 
disappear and ultimately as the sporogonium reaches maturity these are 
the first layers of the wall that get disorganised and probably serve to 
nourish the developing spores. 


In N. indica which has a definite columella the cells of the endothecium 
in immature sporogonia often have dense granular contents like the cells of 
the inner layer of the amphithecium from which the sporogenous tissue is 
produced. In fact there is hardly any difference between these cells and 
those of the archesporium and if conclusions were to be drawn from such 
cases it would be impossible to say if a part of the sporogenous tissue is 
produced from the endothecium or not. But in the mature sporogonia a 
well-developed columella like the one shown in Fig. 33 (microphotograph) 
is found in every case. It can be distinctly traced downwards to four 
rows of cells in the stalk (Fig. 35). If, however, a part of the sporogenous 
tissue were produced from the endothecium, in some cases at least we 
would be able to trace the origin of this tissue from the endothecium in the 
mature sporogonia. This was never observed by me although I have 
examined no less than three hundred serial microtome sections of various 
ages. The obvious conclusion, therefore, is that in N. indica the entire 
endothecium produces the columella, while the sporogenous tissue is derived 
from the inner layer of the amphithecium alone. A comparison of Figs. 
28-30 with Figs. 31-33 which are the microphotographs of the longitudinal 
sections of N. leviert and N. indica respectively at the corresponding 
stages of development also suggests the same conclusion. It will be seen 
from these figures that the region of the sporogonium which in N. levieri 
forms the sporogenous tissue, in N. indica gives rise to the columella 
(compare also Figs. 34, 35). 
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Mature Sporophyte. 


The ripe sporogonia in N. levieri are cylindrical bodies about 2 or 
3mm. in length. They taper at both ends and are always horizontal. Very 
often they are borne in pairs. The thin and membranous involucre 
completely encloses the sporogonium. ‘The seta is short and slender and 
there is very little meristematic growth. An examination of a vertical 
longitudinal section of a mature sporogonium shows a gradual differentiation 
of the spores and elaters from the meristematic zone (Figs. 24-26). The wall 
is about four cells thick and the cells contain chloroplasts, but there are no 
stomata. As the capsule reaches maturity the inner layers of the wall are 
disorganised. The sporogonia are bivalved and the sutures are very distinct. 
Almost invariably the sporogonia open along one suture only (Fig. 28 a) as 
in N. indica!® but in some cases they may dehisce along both the sutures. 
The mode of dehiscence in the two species under consideration is strikingly 
similar to what has been described and figured by Bartlett for Anthoceros 
Halli. 

There is no columella; the axis of the sporogonium is occupied by 
spores and elaters (Figs. 24-25), the latter have spiral bands on their walls. 

Discussion. 

The relationship of the two Indian species may now be briefly discussed. 

The gametophyte and sex organs need no special comment as these 
show on the whole the same structure and plan of development throughout 
the genus. 

The structure of the sporophyte and its development has been a subject 
of repeated investigations and much discussion in the past. 

According to Leitgeb, as pointed out elsewhere, the sporogenous 
tissue arose from the endothecium and the columella when present was a 
secondary structure within it. Campbell‘ and some others on the 


contrary have maintained that these structures are formed in the same way 
as in Anthoceros. 


The observations recorded here for the two Indian species show some 
interesting variations which easily explain these contradictory statements. 
We have established beyond all doubt that in N. levierit only the endo- 
thecium is fertile, while in N. indica the sporogenous tissue is produced 
from the inner amphithecium, the entire endothecium forming the columella. 

The significance of this will at once be realised if it is borne in mind 
that one of the main arguments for separating the Anthocerotales from the 


rest of the Liverworts has been the difference in the origin of the archesporium 
in these two groups. 
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The idea to separate the Anthocerotales from the rest of the Liverworts 
was originally put forth by Gayet? and subsequently supported by Howe.® 
This view has been greatly emphasised by Campbell?:+5 from time to time. 
In the course of his discussion of the inter-relationships of the Hepatice 
(Mosses and Ferns, p. 621) he says, ‘“‘ While there are certain similarities 
between the young sporophyte of the Anthocerotacez and such Liverworts 
as Spherocarpus, Cyathodium and especially Fossombronia, the fact that the 
primary sporogenous tissue in the Anthocerotales always arises from the 
amphithecium, while in all other Liverworts it is developed from the endo- 
thecium, would seem to be a radical difference. ”’ 

We have seen that in some species of Notothylas the sporogenous tissue 
arises from the endothecium, while in others it is derived from the 
amphithecium. Evidently in the origin of the archesporium, Notothylas 
forms a perfect connecting link between the remaining Anthocerotales on 
the one hand and the rest of the Liverworts on the other. 

Observations by Lang!? and Campbell? have shown that in some 
species of Notothylas the sporogenous tissue is derived partly from the 
endothecium and partly from the amphithecium. 

In the light of all these observations, it is now possible to arrange the 
different species of Notothylas in a perfectly graded series, one end of which 
would be occupied by such species as N. indica, while at the other end we 
would have non-columellate species like N. leviert. 

Two interpretations of this are possible: either the non-columellate 
species are primitive and columellate ones have been derived from these by 
a gradual sterilisation of the central tissue and the concomitant shifting of 
the sporogenous tissue to the outer region, or else the columellate species 
are primitive and those that lack a columella are reduced. 

Lang!? has been inclined to the view that Notothylas is a reduced genus. 
He observed that the origin of the sporogenous tissue from the amphithecium 
even when the endothecium is fertile points to its origin from such forms in 
which the amphithecium was originally fertile. Goebel§ and Bartlett! are 
also of the opinion that the species of Notothylas examined by them are 
reduced. Dr. Kashyap" has also held the same view. Cavers® has, however, 
left this an open question. ‘‘ The organisation of the Notothylas sporo- 
gonium,’’ says he (Inter-relationships of the Brvophyta, p.147), ‘need not 
necessarily be interpreted as due to reduction from Anthoceros type; the 
reverse interpretation does not appear to be excluded by the fact that both 
the endothecial and the inner amphithecial tissues produce spores.”’ 

According to Campbellt the sporophyte of Notothylas is the most 
primitive among the Anthocerotacez and shows the nearest approach to the 
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sporophyte of other Liverworts, but he does not think that the relationship 
is anything but a very remote one. 

Both the species examined by me show signs of reduction in the 
organisation of their capsules. The small sporogonia which are ensheathed 
within the involucres, the presence of photosynthetic tissue on the wall of the 
sporogonium even when there are no stomata and the hygroscopic valves 
with an efficient arrangement for dehiscence which is generally incomplete 
and sometimes even ineffective, are characters which undoubtedly suggest 
that the species are reduced. It is further believed that N. levieri with its 
capsules devoid of columella and in which the sporogenous tissue arises 
only from the endothecium, represents the last stage in the reduction series. 


Summary. 


1. Notothylas levieri Schiff. is generally found in the West Himalayas 
at altitudes between 6,000 and 7,000 ft. 


2. ‘The species is moncecious and protandrous. 


3. The development of the sex organs is of the usual type found 
among the Anthocerotales. 


4. The number of neck canal cells in the archegonium is generally 
four, sometimes more. 


5. Some abnormal archegonia have been described. 
6. The first division in the oospore is longitudinal. 


7. There is no columella and the entire endothecium forms the 
sporogenous tissue, while the whole of the amphithecium produces the wall. 


8. The sporogonium generally remains enclosed within the involucre. 
9. The capsule generally opens like a follicle that is along one suture. 
10. The valves are hygroscopic. 
11. The elaters have spiral bands on their walls. 


Conclusions. 


The facts presented here for the two Indian species appear to suggest 
that :—- 

1. The columella is a definite specific character and when present 
(at least in the Indian species) arises from the entire endothecium. 

2. In the columellate species of the genus (N. indica) the sporogenous 
tissue is formed from the inner amphithecium, while in the non-columellate 
species (N. levieri) it is formed from the entire endothecium. 

3. The genus Notothylas is reduced and the species which have no 


columella represent the last stage in the reduction series. 
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4. In the structure of its sporogonium, Notothylas forms a perfect 
connecting link between the Anthocerotales and other Liverworts. This fact 
suggests a close relationship between the two groups and favours the 
retention of the Anthocerotales within the Hepatice. 


LITERATURE. 


“ A Comparative Study of the Development of the 
Sporophyte in the Anthocerotacee, with especial 
reference to the genus Anthoceros,’”’ Ann. Bot., 1928, 
42, 409. 

“Studies on some Javanese Anthocerotacee IT,” 
Ann. Bot., 1908, 22, 91. 

Supplementary Note to ‘‘ Studies on some Javanese 
Anthocerotaceae,”’ Ann, Bot., 1908, 22, 330. 

* The Relationships of the Anthocerotacee,” Flora, 
1925, 118 and 119, 62. 

Mosses and Ferns, MacMillan & Co., 1928. 

“The Inter-relationships of the Bryophyta,’ New 
Phytologist, 1919-1911, 9, 10 (Reprint No. 4, 1911). 

‘Recherches sur le développement de l’archégone 
chez les Muscinées,”’ Ann. Sci. Nat. Bot., 1897, 161. 

‘* Organographie der Pflanzen, dritter Teil.”’ Jena, 
1930. 

“The Anthocerotacee of North America,’ Bull. 
Torrey Bot. Club, 1898, 25, 1. 

Liverworts of the Western Himalayas and the Panjab 
Plain, 1929, 1, 

‘Two Indian Species of the Ge us Notothy!as,” Proc. 
Lahore Philosophical Soc., 1925, 4, 

“On the Sporogonium of Notothylas,”’ Ann. Bot., 
1907, 21, 201. 

* Untersuchungen tiber die Lebermoose,’”’ Heft 5, 
Die Anthoceroteen, Graz, 1879. 

Vortriije tiber botanische Stammesgeschichte, Band 2, 
Jena, 1909. 

* Chamaeceros fertilis,” Bot. Zeit., 1856. 

* Rechtfertigung des Genus Chamaeceros gegen Herrn 
Professor Lehmann,” Bot. Zeit., 1857. 

** Ueber das Genus Notothylas,’’ Bot. Zeit., 1859. 

“Contributions to the Life-history of Notothylas,” 
Ann, Bot., 1894, 8, 391. 

** On the Morphology of N. indica Kashyap,” Journal 
Ind. Bot. Soc., 1932, 11, 169. 

** Notes on the Morphology of Notothylas Levieri,” 
Proc. Ind. Sci. Cong., Madras, 1929. 

** Some further Notes on the Morphology of Notothylas 
Levieri,”’ Proc. Ind. Sci. Cong., 1933, 307, Patna. 
“The Origin of the Archesporium in WNotothylas 

Levieri,”’ Curr. Sci., 1933, 1, 272. 
Species Hepaticarum, 1912-1917, 5. 


. 
« 
‘ 
oe 
-* 
oe 
= 
oe 
oe 
ee 
ee 
oe 
ir 
ee oe q 
4 
> 
oe oe 
oe oe 
ee 
‘= 
. 
a 
ul 
23 
a 
fi 4 


be 


ERRATA 


Vol. I, Section B, page 217, Figs. 1-26. For 
multiply the given magnifications by 3. 


correct magnifications 


Vol. I, Section B, page 217, Figs. 27 and 27(a). Forcorrect magnifica- 
tions multiply the given magnifications by 2. 
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Morphology of Notothylas levieri Schiff. Ms. 


EXPLANATION OF FIGURES. 


Fic. 1. Superficial section of thallus through growing point. x 353. 

Figs. 2-3. Stages in the development of antheridium. x 353. 

Fias. 4-10. Stages illustrating the development of archegonium. x 353. 

Fic. 11. Abnormal archegonium. x 353. 

Figs. 12-13. Successive sections of two archegonia, lying side by side without any 
intervening tissue between their necks and venters. x 353. 

Fie. 14. Fertilized egg. x 333. 

Fic. 15. Longitudinal section of two-celled embryo. x 300. 

Fic. 16. Longitudinal section of eight-celled embryo. x 300. 

Fic. 17. Longitudinal section of embryo after three tiers have been established. x 300. 


Fies. 18-21. Longitudinal sections of young embryos showing the formation of 
endothecium and amphithecium. x 300. 


Fie, 22. Longitudinal section of young sporophyte. x 300. (Note dense granular 
contents of both endothecium and amphithecium.) 


Fic. 23. Longitudinal section of young sporophyte. x 147. (Note the origin of the 
sporogenous tissue from the endothecium. ) 


Fic. 24. Longitudinal section of older sporophyte. x 83. (Note the origin of 
sporogenous tissue.) 


Fia. 25. Basal portion of sporophyte shown in Fig. 24. x 200. 


Fic, 26. A portion of the sporogenous tissue. x 333. (Note the gradual differentiation 
of fertile and sterile tissues.) 


Fic. 27. A portion of thallus showing mature sporogonia. xX 6+7. 
Fic. 27(a). Two dehisced sporogonia. x 6-7. 
Comparative microphotographs of N. levieri (Figs. 28-30) and N. indica 
(Figs. 31-33). : 
Fic. 28. Longitudinal section through a young sporogonium. xX 400. 


Fic. 29. Longitudinal section through sporogonium showing differentiation into 
archesporium and wall. x 250. 


Fic. 30. Longitudinal section of mature sporogonium. x 120. 

Fic. 31. Longitudinal section through young sporogonium. xX 400. 

Fig. 32. Longitudinal section through a sporogonium at a later stage of development 
than the one shown in Fig. 31. x 280. 

Fic. 33. Longitudinal section of mature sporogonium. x 50. (Note the columella). 

Figs. 34-35. Magnified view of the basal portion of the sporogonium of N. levieri 
(Fig. 34 x 200) and N. indica (Fig. 35 x 180). Compare the origin of 
the sporogenous tissue. 

Figs. 36-38. Longitudinal section of sporogonia of different ages of N. levieri. Note 

the origin of the sporogenous tissue. xX 250, 200 and 150 respectively. 
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NOTES ON THE ANATOMY OF SOME SILICIFIED FERNS 
FROM THE CRETACEOUS OF GERMANY. 


By A. R. Rao, M.Sc., 
Demonstrator in Botany, University of Lucknow. 


Received October 31, 1924, 
(Commu d by Prof. B. Sahni, D.sc., sc.D., F.A.S.B., F.G.S., Lucknow.) 


From arecei* rin Europe Professor Sahni brought with him on loan 


the type spe’ ns of some silicified fern stems from the Dresden, Berlin 
and Breslau eums.' These specimens had already been described by 
several of th- ‘t authors, e.g., Corda, Cotta, Goeppert, Renault and Stenzel. 
But at Pro - Sahni’s suggestion I undertook a re-investigation of 


the material th the result that some new points have come to light. 


Protopteris Cottai Corda. 


The type pecimen of Protopteris Cottai Corda, described by Cotta, 
Corda, Schimper, Stenzel and others, is part of the stem of a tree fern, 
found as a pebble near Grossenhain in Saxony (Fig. 1). It is probably of 
Cretaceous age. Corda’s description and figures are on the whole very 
accurate but for the following points. 


(a) Leaf-trace.—The outline of the leaf-trace is of the shape indicated 
in Fig. 2 and not so simple as shown in Corda’s figures. The plicate lower 
part of the leaf-trace is very clearly seen in one of the leaf scars. This 
plicate base which is a characteristic feature of the Cyatheaceze (in the wide 
sense, including the Dicksonieze) is not mentioned in any of the previously 
published descriptions; it would further strengthen the Cyatheaceous 
affinity of the Protopteridez already suggested by Corda in 1867. 


It is not impossible that as in the living Cibotium Barometz the 
continuous horse-shoe shaped leaf-trace with a wavy base split up in the 
distal parts of the rachis into a number of strands. This is suggested by a 
comparison with Cibotiocaulis Tateiw@, a Cretaceous fern from Japan which 
has leaf-traces of Cibotium Barometz type and which Ogura assigns to the 
Dicksoniez. In view of these facts the Cyatheaceous affinity of Protopteris 
Cottai Corda seems to be fairly clear. 


1 T take this opportunity of expressing my sincere thanks to Professor Gothan 
(Berlin), Professor Wanderer (Dresden) and Professor Soergel (Breslau) for the loan 
of these fossils, and for many other kindnesses received during my tour.—B. Sahni, 
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(b) ? Pericycle.—Fxternally to the phloem there is a discontinuous zone, 
usually one or two cells thick, and consisting of large columnar cells. In 
places the columnar elements are replaced by a large number of smaller 
isodiametric cells. I am inclined to interpret this zone as a pericycle; 
it occurs on both the inner and outer sides of the stele—a fact which has 
been noticed recently by Edwards—and not only on one side as figured by 
Corda. Stenzel has described a similar layer of cells in Caulopteris 
arborescens Stenzel under the name ‘‘Stiitzscheide”. A similar layer of 
cells occurring in Fasciostelopteris Tanslett has been considered as a pericycle 


by Stopes and Fujii. Edwards has also described a large celled pericycle 
in Paradoxopteris. 


An endodermis is not clearly seen. 


(c) Cortical and medullary roots.—A striking feature of this fern which, 
as Gothan points out, is also seen in modern tree ferns, is the large number 
of cortical and medullary roots. It is well known that some of the roots 
in Psaronius are (according to one view at least) truly intra-cortical. In 
some species of Lycopodium, e.g., L. Selago, L. pithyoides, L. phyllanthum,? 
L. Hamiltonti and L. serratum, the intra-cortical roots arise at the stem apex 
and travel down through the cortex, emerging at a lower level. I think 
that the large number of roots met with in the cortex of P. Cottai Corda are 
of a similar nature. These roots of P. Cottai may be compared with those 
figured by Ogura in the cortex and pith of Cyathocaulis naktongensis and 
Cibotiocaulis Tateiwe, two Cyatheoid ferns from the Cretaceous of Japan. 

The question is whether these roots (which presumably all belong to 
the Protopteris itself) became intruded during the life of the plant or after 
its death. The general downward course of the roots suggests that the 
stem must have been standing erect (and not lying flat on the ground) when 
the roots invaded the tissues. I, however, agree with Gothan that it was a 
partly degenerating ground tissue into which these roots bored their way, 
because some of the roots are surrounded by cells in various stages of decay. 
Remarkably well-preserved root hairs are developed wherever the roots are 
not hemmed in by the parenchyma. Evidently the roots were functional 
when they thus became intruded. 


Although root traces can be seen arising from the stele, still, I am 
inclined to consider that some of these medullary roots are really the extra- 
cortical roots which, growing downwards, must have met the upper ends of 


2 Chowdhury (MSS). I am deeply indebted to my friend Mr. N. P. Chowdhury 
who very kindly showed me the manuscript and slides of his monograph on Indian 
species of Lycopodium. 
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older decayed petioles and grown into them as described by Ogura in 
Alsophila podophylla HK and by Sahni in Clepsydropsis australis E. M. Osh. 
Whereas in the latter fern the roots were arrested in their growth by the living 
tissues of the leaf-base, in P.. Cottai they seem to have overcome this 
resistance and gained entry into the pith, for in the longitudinally cut face 
of the Dresden specimen roots can be seen growing through the leaf-base 
towards the pith. 


It is also possible that some of the intra-cortical roots strayed into the 
pith directly through the leaf gaps. The tissue was in a state of partial 
decay and the roots could bore their way in successfully, producing root 
hairs wherever decay had caused cavities in the pith. 


As to how far these roots were able to draw nourishment from the pith 
with the help of these root hairs, it is difficult to estimate. But the large 
number of apparently healthy roots and root hairs would lead one to think 
that they must have served some purpose. It is possible that the partly 
decayed tissue provided some kind of food material or at least a meagre 
supply of water. 


Caulopteris Brownii Renault. 


A transverse section of a fern stem from the Géppert Collection at 
Breslau (lig. 3) is probably a sister section to the one figured by Renault 
under the name Caulopteris Brownii.3 


It agrees in several features with P. Cottai Corda and shows a well- 
developed sclerenchymatous layer on both sides of the stele. In the building 
up of the leaf-trace one of the meristeles bulges outwards as at a (Text-Fig. 1). 
This bulge becomes later on more pronounced as at 6 and gradually assumes 
the shape of an inverted flask (c). The leaf-trace is cut off at this stage and 
the meristeles of the stem assume gradually the positions as at d ande. The 
stage f, with the meristele margins turned inwards, seems to follow upon 
é, but no intermediate condition is seen in the section examined by me. 
All these stages are drawn from actual portions of the section figured here in 
Fig. 3. A large number of medullary and cortical roots are also seen, 
as in P. Cottai ; the steles are diarch, but no root hairs are preserved. 

A re-examination of this slide showed that there exists on both sides of 
the stele a layer of thin-walled, specially narrow cells (Figs. 4, 5 and 6). Often 
this layer is detached from-the stele but still it remains as a separate 
continuous membrane (Fig. 5). The preservation is not very good; but 
when the section (originally rather thick) was ground thinner, it showed 


3 In the description of plates the fossil is labelled Caulopteris Cotteana. 
B3a 
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clearly the Casparian thickenings at certain places (Fig. 6). I therefore 
regard this layer as the endodermis. 


Another interesting feature in this fern is the large number of secretory 
cells seen in the cortex and pith (Text-Fig. 2; Fig. 4). 


Protopteris fibrosa Stenzel. 
Protopteris fibrosa Stenz. is 
part of another tree-fern stem 
described by Stenzel, Goeppert 
and others from the Cretaceous 
Ts deposits of Oppeln in Silesia. 
The internal anatomy has been 
fully worked out by Stenzel. 
The points open to criticism are 
the following. 
Endodermis.—Stenzel and 
others who have described the 
species have failed to recognise 
the real endodermis. In 
Stenzel’s very accurate sketches 
a layer of cells between the 
so-called ‘‘innere and Aussere 
Gefiassbiindelscheide’’ has been 
labelled as the ‘“ Grenzschicht 
(Endodermis ?)”. The actual 
endodermis (overlooked by 
Stenzel) is a layer of small, 
rather regularly arranged, thin- 
end—endodermis; per—pericycle; phi—phloem; cells full of contents and 
8.c,—secretory sac; scl—sclerenchyma; 
wxy—xylem. x 267. having Casparian thickenings 
on their radial walls (Figs. 8, 9 
and 10). There is, of course, an inner as well as an outer endodermis. At 
places the endodermis has become torn off the adjacent tissues; yet it 
remains intact as a separate continuous layer (Fig. 9). 


Tangential Cells.—The layer indicated in Stenzel’s sketches as the 
“Grenzschicht (Endodermis ?)” is a zone of cells tangentially elongated 
in transverse sections of the stem. This layer occupies the line of 
demarcation between the phloem and the pericycle and occurs on both 
sides of the stele. I have shown above that this layer has nothing to do 
with the endodermis but its real nature has not been possible to determine, 


TEXxtT-Fia. 2. 
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The cells have simple as well as bordered pits on their walls (Fig. 7), 
They cannot be a part of the phloem‘ in view of their pitting, nor can 
they belong to the xylem as none of them show scalariform or other 
thickenings. They remind one of the tangential cells recorded by Ogura 
ina similar position in the stele in Alsophila Ogure Hayata, A. acaulis 
Mak., A. Bongardiana Mett., Cibotium Barometz Sm., and A. latebrosa Pr. 
From their occurrence in the above ferns one is inclined to suspect that 
these tangential cells are a regular feature of the Cyatheacee. But these 
cells in the modern Cyatheaceze are reported to occur between the sieve 
tubes and the protophloem and do not seem to bear any pits on their walls. 
If a homology could be established between these tangential cells of 
Alsophila and those of P. fibrosa the Cyatheaceous affinity of the latter 
would be further strengthened. I am tempted to suggest that these 
tangentially elongated cells in P. fibrosa are merely parenchymatous cells 
associated with the phloem and that the pits noticed on their walls are 
just the indispensable accompaniment of any thick-walled parenchyma. 
The pericycle seems to be many cells thick and the various tissues succeed 
one another in the following manner which is in conformity with the 
modern ferns :— 


According to Stenzel 


endodermis “ ws ‘a (overlooked by Stenzel). 
pericycle aussere Gefassscheide. 
pitted parenchyma (tangential cells). Grenzschicht (endodermis ?). 
phloem innere Gefassbiindelscheide. 

phloem és innere Gefassbiindelscheide. 
pitted parenchyma (tangential cells). Grenzschicht (endodermis ?). 
pericycle ex aussere Gefassscheide. 
endodermis .. (overlooked by Stenzel). 


Protopteris fibrosa Stenz. resembles P. Cottai Corda in many respects 
but differs from it in having no medullary roots which are so abundant 


* According to Ogura (Ogura, 1927, p. 147), Schiitze (1906) who investigated the 
anatomy of the stem and petioles of many tree ferns has described on the outer side 
of the sieve tubes a layer of tubular elements with pointed ends, pitted walls and 
containing some albuminous substances. This layer is called by Schiitze “false sieve 
tubes’’. In view of the fact that these tangentially elongated cells of P. fibrosa have 
also pitted walls and occupy a similar position in the stele, I think a comparison can be 
made with the layer of false sieve tubes as described by Schiitze. 
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in the latter. The leaf-trace resembles that of P. Cottai but the plicate 
base is not clear. The layer of prismatic cells seen in the position of the 
pericycle in P. Cottai is entirely absent in P. fibrosa. The fibrous bundles 
and the tangentially elongated cells near the phloem seen in P. fibrosa are 
absent in P. Cottat. 

In spite of these differences the two ferns seem to be closely allied 
and may even belong to one and the same genus; they undoubtedly have 
common Cyatheaceous affinities. 


Both P. Cottai Corda and P. fibrosa Stenzel differ in general from the 
recently described cyatheoid stein Dendropteridium cyatheoides Bancroft 
in having inwardly directed meristelic margins and in the absence of 
sclerenchymatous sheaths round the meristeles as well as of cortical and 
medullary bundles. 


Rhizodendron oppoliense Goeppert. 


Rhizodendron oppoliense Goeppert is a silicified fern described by 
Stenzel from the cretaceous deposits of Oppeln. A thin transverse section 
prepared at Lucknow from the specimen figured by Stenzel shows a 
remarkable resemblance to P. fibrosa Stenzel. The preservation is similar 
in both cases. ‘The fibrous bundles seen in the pith and cortex of the latter 
fern occur in Rhizodendron oppoliense also (Fig. 11). The row of tangentially 
elongated cells with pits on their walls are also seen here. The general 
disposition of the vascular tissues layer for layerin both seems to be alike. 
Stenzel was also struck by the close resemblance between these two ferns, 
which come from the same locality and formation. He mentions that one 
would easily mistake P. fibrosa as the upper root-free part of R. oppoliense. 
The differences between these two ferns, however, seem to be confined to 
the following points: 


(1) In R. oppoliense there is a well-developed sclerenchymatous tissue 
surrounding the stele but at a little distance from it. This tissue is absent in 
P. fibrosa Stenzel. 


(2) The sclerenchymatous tissue in R. oppoliense is covered over by a 
thick felt of roots, a feature not seen in P. fibrosa. 

(3) The leaf-trace in R. oppoliense is made up of four or more strands 
whereas in P. fibrosa the leaf-trace is a continuous band. 


Endodermis. In Stenzel’s description or diagrams an endodermis is not 
indicated. Gothan has, however, noticed the presence of an endodermis in a 
specimen of R. oppoliense from Oppeln, fragments of which I have also 
examined. According to him there is a layer of cells radially elongated and 
two cells thick next outside the phloem. He considers this layer as 
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sclerenchymatous and locates the endodermis on its outer side. I do not 
however find this palisade like sclerenchymatous layer in the specimen of 
R. oppoliense Goeppert figured by Stenzel. I venture to suggest that the 
layer labelled by Gothan as sclerenchyma may be the pericycle comparable 
to that mentioned in Protopteris Cottai Corda (see above). The endodermis 
in the specimen of R. oppoliense Goeppert which I have examined, is not well 
preserved all through; still it can be made out at particular places where 
even the Casparian strips may be seen. The position of this layer agrees 
with that of the endodermis in P. fibrosa Stenzel. 

My grateful thanks are due to Dr. B. Sahni for suggesting this piece of 
work and for his ready and valuable guidance. I am also indebted to him 
for the photograph of P. Cottai Corda (Fig. 1). I must also express my 
gratitude to the authorities of the Breslau, Berlin and Dresden museums 
who very kindly lent the type specimens and slides for re-examination. 


Summary and Conclusions. 


A re-examination of the type specimens and slides of some silicified fern 
stems from the Cretaceous of Germany revealed the following new points. 
(1) P. Cottai Corda. (a) The basal loop of the leaf-trace is plicate ; this 


feature strengthens the Cyatheaceous affinity of the plant already suspected 
on other grounds. 


(0) The layer called by Corda ‘‘innere Bastscheide”’ occurs on both 
sides of the stele in a position corresponding to that of a pericycle and is 
here interpreted as such. 

(c) An attempt has been made to explain the manner in which the 
large number of roots found their way into the pith. 

(2) Caulopteris Browniit Renault. . The presence of an endodermis 
showing Casparian thickenings at places is demonstrated and the building 
up of the leaf-trace elucidated. 

(3) The structure of Rhizodendron oppoliense Goeppert and Protopterts 
fibrosa Stenzel has been compared in detail and found to agree very closely 
except for a few differences which are enumerated in the text. 
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EXPLANATION OF FIGURES. 
PLATE XXXITI. 


Fie. 1.—Protopteris Cottai Corda. Part of type-specimen showing leaf scars (a, magni- 
fied in Fig. 2). (Dresden Museum). Nat. size. 

Fic. 2.—P. Cottai Corda. The leaf-trace a of Fig.1. x 8. 

Fic. 3.—Caulopteris Brownii Renault. Transverse section of stem. Nat. size. 

Fic. 4.—C. Brownii Ren. Part of the stele showing end. endodermis; 8.c. secretory 
sac ; per. pericycle ; ph. phloem ; scl. sclerenchyma; and wy. xylem. x 100, 

Fic. 5.—C. Brownii Ren. Part of the stele showing end. endodermis remaining as a 
separate layer though detached from the other tissues. x 70. 

Fia. 6.—C. Brownii Ren. Photomicrograph of part of the stele showing csp. Casparian 
thickening ; end. endodermis; per. pericycle; ph. phloem; and zy. xylem. 
x 250. 

PLATE XXXIV. 


Fie. 7.—Protopleris fibrosa Stenzel. One of the tangentially elongated cells magnified 
to show pitting. x 465. 

Fic. 8.—P. fibrosa Stenzel. Photomicrograph of stem stele showing end. endodermis ; 
per. pericycle; esp. Casparian thickening ; ph. phloem ; and tan. tangentially 
elongated cells. (Breslau, Geol. Inst.) x 350. 

Fic. 9.—P. fibrosa Stenzel. Transverse section of stem stele showing end. endodermis ; 
f.b. fibrous bundle. x 13. 

Fia. 10.—P. fibrosa Stenzel. Transverse section of stem stele showing cort. cortex ; end, 
endodermis ; per. pericycle ; (*‘ iussere Gefassbiindelscheide’”’ of Stenzel) ; 
ph. phloem (‘innere Gefassbiindelscheide’’ of Stenzel); tan. tangentially 
elongated cells (“* Grenzschicht”’ of Stenzel); and ay. xylem. x 50. 

Fic. 11—Rhizodendron oppoliense Goeppert. Photograph of the stem section of the 
type-specimen showing f.). fibrous bundles. x 10. 
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INVESTIGATIONS ON THE ROLE OF ORGANIC 
MATTER IN PLANT NUTRITION. 


Part V. Influence of Minute Quantities of Certain Forms of 
Organic Matter on the Growth of Barley. 


By G. S. Sippappa, M.A., 
AND 
V. SUBRAHMANYAN, D.Sc., F.LC., 


Department of Biochemisiry, Indian Institute of Science, Bangalore. 


Received November 10, 1931. 


ALTHOUGH it is now definitely established that the plant depends on the 
soil for its supply of minerals and, in most cases, also for its nitrogen, the 
extent of its dependence for organic matter is still comparatively obscure. 
There has, nevertheless, always been a school of thought contending that 
the humic matter of the soil or the organic matter added in the form of 
manures provide certain substances which are essential to plant growth. 
This view has found favour in practical farming and, indeed, progressive 
farmers of all times have attached considerable importance to humus 
as plant food. Grandeau (1872) was probably the first to adduce scientific 
evidence to show that the organic matter of the soil may supply a part of 
the carbon requirements of the plant. A number of later workers have 
arrived at similar conclusions, though quantitative data regarding the extent 
of indebtedness of the plant to the soil are still wanting. 


There is considerable amount of evidence to show that even on soils 
which are fairly rich in humus, organic manures yield better and more 
consistent results than mineral fertilisers. As instances of this, may be 
cited the observations on the permanent manurial plots at Rothamsted 
and Woburn (Russell, 1926). The effect is still more pronounced on 
tropical soils which are naturally deficient in organic matter and on which 
mineral fertilisers either fail to evoke the same response as in temperate 
regions, or, sometimes, even depress the yield. The superiority of organic 
manures over the commoner forms of mineral fertilisers may be due to one 
or more of the following :—They may (a) provide minute quantities of certain 
rare, but nevertheless essential, inorganic constituents not ordinarily present 
in the latter; (b) enrich the atmosphere around the plant with carbon 
dioxide and thus facilitate increased assimilation; or (c) supply certain 
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organic substances, which would serve as accessories to plant growth. Only 
scanty information regarding (a) is available, while there is extensive 
literature relating to (b) and (c). Some of the related evidence has been 
critically examined in a previous communication (Subrahmanyan and 
Siddappa, 1933'). Further material will be considered in the present 
paper. 

There is apparently much of contradictory evidence regarding the 
role of organic matter as a source of carbon dioxide. The direct experiments 
conducted with that gas would point to its being useful under certain 
conditions, but useless and even inimical to plant growth under others 
(Lundegardh, 1924, 1927, 1928; Keuhl, 1925; Reinau, 1926; Rippel, 1926; 
Gerlach, 1926; Bolas and Henderson, 1928; Hasse and Kirchmeyer, 1928; 
Small and White, 1930; White 1930 and several others). A critical study 
of the related literature would show that the conditions were not always 
favourable to assimilation. In some cases, root aeration would appear to 
have been impaired. The more recent observations of Subrahmanyan and 
Siddappa (1933) would show that, at any rate in the early stages, carbon 
dioxide formed through oxidation of organic matter in the soil is sufficient 
to meet all the requirements of plant life. 


The literature relating to the production of accessories to plant growth 
is highly controversial and, in places, even contradictory, but the general 
evidence would point to the existence of certain substances, which though 
not absolutely essential (in the sense that vitamins are), are nevertheless 
helpful to general growth and reproduction (Schreiner and Reed, 1907; 
Schreiner and Shorey, 1910; Bottomley, 1914, 1915, 1917, 1919, 1920; 
Mockeridge, 1915-1917, 1920, 1924; Itano, 1923 ; Hunter, 1923 ; Clark, 1924; 
Wolfe, 1926; Viswanath and Suryanarayana, 1927, 1934; Ashby, 1928, 1929; 
Olsen, 1930; Virtanen and Hausen, 1933, 1934; Subrahmanyan and 
Siddappa, 1933; Nicols, 1934). The mechanism of the action of such 
substances is still obscure. Since all soils contain organic matter, though 
in varying quantities, the practical significance of these auxiliary bodies in 
field practice is uncertain. Indeed, some of the preparations containing 
such substances (e.g., bacterised peat) proved comparative failures when 
tried on the field. 

The study of growth-promoting factors in plants is closely allied to 
similar enquiries relating to microorganisms (Wildiers, 1901; Fulmer, 
Nelson and Sherwood, 1921; Nelson, Fulmer and Cessna, 1921; Robertson, 
1921 ; Funk and Dubin, 1921; Heller, 1922; Robbins, 1922; Macdonald and 
McCallum, 1921; Macdonald, 1923; Tanner, 1924; Devereux and Tanner, 
1927 ; Werkman, 1927; Narayan, 1930; Farries and Bell, 1930; Fulmer, 
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Williams and Werkman, 1931; Buston and Pramanik, 1931; Buston and 
Kasinathan, 1933; Nielson, 1930, 1931, 1934; Nielson and Hartelius, 1931, 
1932, 1933; Elvetjem, 1931 ; Boysen Jensen, 1931 ; Schopmeyer and Fulmer, 
1931: Burk, Lineweaver and Horner, 1932; Richards, 1932; Euler and 
Philipson, 1932; Philipson, 1933; Allison and Hoover, 1934; Hartelius, 
1934, and several others). The latter would, in fact, appear to have a 
direct bearing on piant nutrition since (a) decomposition of organic 
matter in the soil proceeds largely through the agency of microorganisms, 
and (b) some of the products of microbial metabolism have been reported to 
act as stimulants to plant growth and reproduction. 


In spite of these useful advances, the precise mode of action of organic 
manures in field practice is still ill-defined. Although several workers have 
adduced evidence to show that under controlled conditions, even traces of 
certain forms of organic matter can produce striking effects on plant growth 
and reproduction, it has yet to be admitted that the same substances or 
preparations containing them have to be applied in very large quantities 
before any beneficial effect can be observed on the field. Indeed, it is well 
known that, as distinct from mineral fertilisers, organic manures are effective 
only when applied in bulk. This would suggest that the active substances 
are either largely destroyed or otherwise reduced in efficacy under field 
conditions. It is also probable that some of the effects can be observed 
only at certain stages in the life of the plant. In view of this and the need 
for further knowledge regarding the mode of action of organic matter in 
general, the present enquiry was undertaken. 


Experimental. 


Effect of minute quantities of certain forms of organic maiter on barley. 
Preliminary experiments.—The pots were made up with sand which had been 
repeatedly washed with water. They were then treated as follows:—-(a) 
dried blood, 0-05 g. ; (6) dried blood, 0-1 g. ; (c) pressed brewery yeast, 0-05. ; 
(d) pressed brewery yeast, 0-1 g.; (e) farmyard manure, 0-05 g.; (/) 
farmyard manure, 0-1 g.; and (g) control (untreated). Five pots were 
allotted for each treatment. Graded and previously washed seeds (Var., 
Plumage Archer) were sown at the rate of 50 per pot. The seedlings 
were nursed in wire-gauze cages which were exposed to the atmospheric 
conditions, but were protected against strong wind and rain. Distilled 
water was used for watering. After one month, the seedlings were removed, 
washed free from adhering sand and their dry weights determined. The 
related data have been presented in Table I. 
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Treatment 


Number of 
seedlings 


Averages 


Shoot height 
in cm, 


Root length 
in cm. 


Dry weight 
(in mg.) 
per seedling 


Dried blood (0-05 g.) 175 18-2 18-7 33°6 


Do. (0-1 g.) 
(0-05 g.) 

(0-1 g.) 
Farmyard manure (0-05 g.) 
(0-1 g.) 


Control (untreated) 


165 17-7 15:3 30-8 


Pressed yeast 160 18-3 16-8 25-9 


Do. 185 14-5 19-3 


160 17-1 17-5 34-2 


Do. 170 22-7 19-7 38-0 


165 13-2 23°7 


The best growths were obtained in the case of specimens treated with 
farmyard manure. Dried blood and yeast followed next in order. The 
untreated ones came last: they were in fact dying at the time of completing 
the experiment. These observations are generally in agreement with those 
of Viswanath and Suryanarayana (loc. cit.). 


The foregoing experiments were somewhat defective as it was 
subsequently found that, even after repeated washing, the sand contained 
0-2 per cent. of carbon, corresponding to about 0-35 per cent. of organic 
matter. Moreover, the substrate was deficient in mineral nutrients. It 
was difficult therefore to differentiate between the effects of the organic 
constituents present in the added substances and such minute quantities of 
minerals as may be released through their decomposition. 


Trials on pure sand and with complete minerals.—The sand used in this 
and subsequent experiments was of select quality which was further washed 
repeatedly with concentrated hydrochloric acid until it was entirely free 
from organic matter. ‘The minerals were added in the form of chemically 
pure substances—calcium acid phosphate (0-17 g. per pot), potassium 
sulphate (0-15 g.) and potassium nitrate (0-1 g.). The different organic 
substances were then added and the seedlings raised in the same manner as 
described in the previous experinient. 
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TABLE II. 


Averages 


Number of 


seedlings | shoot height | Root length Dry weight 
in cm. incm. 


Treatment 


(in mg.) 
per seedling 


Pressed yeast (0-05 g.) 140 25°3 21-0 47-9 


Do. (O-1g.)| 160 27-2 


Farmyard manure (0-05 g.) 165 24-2 23°5 44-7 

Do. (0-1g.)| 150 22°5 20°8 48-2 
Dried blood (0-05 g.)} 165 23-+7 22-3 50-3 
Do. (0-1 g) 165 20-7 20-7 42-5 


Control (untreated) 175 18-7 32:9 


It may be seen from the results (Table II) that the seedlings receiving 
minute quantities of different organic substances were consistently better 
than those raised on minerals alone. The latter were drying at the tips 
and were generally on the decline at the time of concluding the experiment. 


The beneficial effects of different organic substances might have been 
due to (a) certain water soluble constituents which were readily taken up by 
plants, or (b) products of their decomposition by microorganisms. Some 
experiments were accordingly carried out to verify these two possibilities. 


Response to dried blood both before and after decomposition.—The pots 
were prepared in the same manner as in the previous experiment. Basal 
dressings of minerals were also given. The pots were then divided into 
groups of twenty each and treated as follows:—(a) dried blood at 0-05 g. 
per pot and sown immediately with barley; (6) aqueous extract of dried 
blood corresponding to 0-05 g. and sown as in (a); (c) dried blood as in 
(a) but sown after one month; and (d) extract of dried blood as in (6) and 
sown as in (c). Corresponding controls (untreated) were also maintained. 
The seedlings were removed after one month and their dry weights 
determined. 


The above experiments were carried out in two successive seasons of the 
year. In the first set, they were commenced in dry weather and ended when 
the South-West monsoon was just getting to be active. In the second, they 
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were commenced in wet weather and concluded when it was comparatively 
dry. The results have been presented in Tables III (a) and IIT (0). 


TABLE III (a). 


| Sown immediately Sown after one month 
(21-5-1932) (21-6-1932) 
Treatment 
Number of — dry | Number of —— dry 
seedlings | Wt- (in me.) | wt. (in mg.) 
per seedling per seed 


Dried blood (whole) ee 680 33°3 640 28-7 


Do. (extract) 42-5 540 32°7 


Control (untreated) ee 660 36-4 540 36°6 


TABLE III (0). 


Sown immediately 


Sown after 20 days 
(25-8-1932) 


(15-9-1932) 


Treatment 


Average dry 7 Average dry 
wt. (in mg.) wt. (in mg.) 
per seedling : per seedling 


Dried blood (whole) 480, 38-7 300 30-2 


Do. (extract) 500 40-1 300 27-9 


Control (untreated) 33°4 420 27-6 


It may be noted that in both the sets of experiments, the aqueous 
extract of dried blood evoked even better response than the whole product. 
This would show that the improved growth was due to certain water- 
soluble constituents. On standing for some weeks, however, the active 
substances were obviously lost : the controls yielded nearly as good and, in 
one set, even better results than the treated ones. 


Decomposition of the active substance. Production of ammonia.—Although 
the sand used in the previous experiment was practically free from living 
organisms and the seeds had been washed with antiseptic solution prior to 
sowing, it yet appeared probable that the microorganisms present in air or 
introduced through dust had acted on the active substances and destroyed 
them. Since dried blood is rich in nitrogen (12-5 per cent.), it appeared 
probable that the extent of decomposition would be indicated by the produc- 
tion of ammonia. Some experiments were accordingly carried out adding 
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dried blood to sand and following the production of ammonia at convenient 
intervals. The estimations were carried out by extraction with saline follow- 
ed by distillation with magnesia and Nesslerisation of the distillate. 


The results, which have been presented in Fig. 1 would show that partial 
decomposition of dried blood had occurred during the period of observation, 
so that it is presumable that the active substance was lost along with it. 


Bacterial numbers.—-The platings were carried out according to Thornton 
(1922). The counts (Fig. 2) show that there was marked increase in both 
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Ammonia as mq. of nitrogen 
to 


Bacterial numbers ( X 100,000) 


4 8 12 16 20 24 
Time in da : 
Time in days 


Fic. 1. Production of ammonia. 


®o Treated with dried blood (Experimental) 
a6 Untreated (Control) 


2. Bacterial numbers. 


@© Treated with dried blood ( Experimental) 
a Untreated (Control) 


the experimental and the control specimens. ‘The rise was more rapid in the 
case of dried blood owing probably to the presence of readily available 
nutrients. The increase observed in the case of the controls was obviously 
due to the presence of ungerminated seeds, which underwent decomposition 
in the later stages. The observations would show that, however carefully 
prepared, a bed of sand cannot be maintained sterile over any great length 
of time. They also support the conclusion that the active substance was 
decomposed through microbial agency on prolonged standing. 


Effect of dried blood extract at different stages—The pots were prepared 
in the same manner as in the previous experiments and sowed with barley 
which had been previously steeped in water for 24 hrs. Immediately after 
sowing and at different stages after germination, the sand was treated with 
dilute extract of dried blood in quantities corresponding to 0-05 g. of solid 
per pot. The observations made at the end of three weeks have been 
tecorded in Table IV, 
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TABLE IV. 
| Averages 
Time of treatment (in days) | Number of : 
after sowing | seedlings Sh oot height | Root length wi bs 
| incm, incm, per seedling 
0 | 90 29-8 | 33-6 58-2 
5 90 25-0 | 35-4 47-6 
12 22-4 | 33-4 44-5 
15 25-8 | 37-2 
Sand+minerals(control),.| 150 24-7 35-3 42-7 
Sand + minerals+ash of 
dried blood (control) . . 125 24-2 | 36-2 44-2 


The best results were obtained when the extract of dried blood was 
applied immediately after sowing. The effect is traceable to the better 
development of the shoot. 


It was noted that although 250 seeds were sown for each trial, the 
number of seedlings found at the time of completing the experiment was 
comparatively small. This was first inexplicable, but subsequent observations 
showed that it was largely due to steeping in water prior to sowing. 
Similar results were also obtained by Ramachandra Rao and Subrahmanyan 
(1934), who showed that the adverse effect was due to inadequate supply of 
air. Treatment with dried blood was also found to be inimical to germination 
though it subsequently proved helpful to plants that came up. The 
observations made during two different seasons have been presented in 
Figs. 3 and 4. 

Both dried blood and its extract were, to some extent, inimical 
to germination. The premonsoon period with its comparatively dry weather 
was more favourable to germination than the wet season that followed. 

In view of the low germination, especially in presence of dried blood, it 
appeared probable that the better development of seedling observed in that 
case was more due to diminished competition than to the influence of any 
foreign, growth-promoting substance. 


Effect of treatment with dried blood under controlled conditions of 
temperature and light intensity.—With a view to eliminating the above- 
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Average number of seedlings per pot 
Average number of seedlings per pot 


3 6 9 12 15 18 3 6 9 12 15 18 
Time (in days) after sowing Time (in days) after sowing 
Fie. 3. Effect of steeping on Fia. 4. Effect of steeping on 


germination of barley. germination of barley. 
(Premonsoon period) (Monsoon period) 


oo Sand + minerals only oo ‘Sard + minerals only 
+ , + 


+ dried blood + dried blood 
+ extract of dried blood +  +extract of dried blood 


mentioned defects and to obtaining results that could be reproduced, 
the experiments were next repeated with the following modifications :— (a) 
In addition to complete minerals and ash of farmyard manure, ash of dried 
blood (corresponding to 0-05 g.) was also added as part of the basal 
treatment. (b) The small quantities of dried blood (0-05 g.) or equivalent 
amounts of extract were mixed with sufficient quantity of water to ensure 
uniform distribution over the surface of the sand. (c) Prior to sowing, 
the seeds were not steeped as in the previous experiments, but washed a 
number of times with distilled water. (d) The pots were kept in a room 
(20 ft. by 10 ft.) with thick walls (2 ft.) which was well insulated against 
heat and completely shielded against external light. The walls were painted 
dark. The room was maintained at constant temperature (24°C.) and 
illuminated artificially. The lighting arrangement consisted of a gas-filled 
lamp (500 c.p.) fixed on the ceiling, 15 ft. from the ground. Illumination 
was provided for 9 hrs. in the day, from 8 a.m. to 5 p.m. Adequate air 
supply was ensured by inlet and exhaust fans with down draught 
arrangement which were fixed at either end of the room. The pots were 
arranged in a square in the centre of the room, those receiving different 
treatments being distributed at random. In one set of experiments, the 
seeds were sown immediately after treatment, while, in the other, a period 
of 15 days was allowed to lapse after addition of dried blood. The results 
have been presented in Table V, 
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TABLE V. 
{ 
Averages 
oe pod Shoot Root Dry weight 
seedlings height length (in me} 
incm. | inem. per seedling 
Dried blood (0-05 g.)—Sown imme- 
diately 322 31-0 18-3 26-44+2-1 
Extract of dried blood—Sown im- 
mediately 308 32°3 18:4 27-7+2-0 
Dried blood (0-05 g.)—Sown after 
15 days 329 29-7 18-7 26-340°9 
Extract of dried blood—Sown after 
15 days is 315 31-1 13-3 29-4+2°6 
Control (untreated)—Sown imme- 
diately 322 31-3 18-1 27-442-3 


There was satisfactory germination (about 90 per cent.) in all the cases. 
As compared with those in the previous experiments, the seedlings grew up 
very tall and thin. This was due to the intense artificial illumination 
(Varadachar, 1933). The seedlings were rich and juicy, but their dry weights 
were comparatively small. It is probable that the long period (15 hours) 
of darkness following the daily illumination was responsible for profuse 
respiration and consequent loss in weight. Competition among seedlings 
may also partly account for that observation. The average dry weights of 
seedlings did not appreciably differ from each other. The observations would 
indeed suggest that under the conditions of the above experiment, minute 
quantities of dried blood, either as such or as aqueous extracts, had no 
effect on the growth of barley. 


Effect of higher concentration and better distribution of dried blood.—The 
quantities of dried blood used in the previous experiments were so small 
that it appeared probable that some of the effects were due to uneven 
distribution of solid matter. With a view to verifying this and to deter- 
mining the response to varying concentrations of dried blood, the following 
experiments were carried out. Solid dried blood was thoroughly mixed with 
sand and varying quantities of the mixed product spread uniformly over 
the surface. When working with the aqueous extract, the volumes were 
so adjusted that the liquid, which was introduced drop by drop, could 
moisten the entire surface. The sand was then turned over repeatedly 
until a homogeneous mixture was obtained, The other details were the 
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same as in the earlier experiments except that the seeds were sown without 


| Averages 
| Number |—— 
Treatment of = 
-<| Shoot Root Dry weight 
seedlings height , length (in mg.) 
in cm, | in cm. | per seedling 
Dried blood (0-05 g.) 235 19-5 23°8 33-9+4-4 
Do. (0-2 g.) 240 19-0 23-1 33-644 
Do. (0-5 g.) 225 14-2 21°3 30-94+3-4 
Extract of dried blood from (0-05 g.) 235 13-3 25°8 27-842-7 
Do. from (0-2 g.) 230 13°35 21-7 33-4+2°-8 
Do. from (0-5 g.) 230 14-8 32-543°5 
Ash of dried blood (0-2 g.) 225 16-2 22-4 31-344:-0 


It may be seen from the results (Table VI), that when unsteeped seed 
was used, the difference between the various treatments practically dis- 
appeared. It is probable that larger doses of dried blood may prove 
beneficial in the later stages of plant life, but so far as seedlings are con- 
cerned, the effect is about the same in all the cases. 


Effects of minute quantities of yeast and dried blood at different stages of 
plant growth.—Although the foregoing observations suggested that (at any 
rate in sand-cultures) minute quantities of different organic substances 
had comparatively little effect on the growth of seedlings, it still appeared 
probable that certain beneficial effects may be produced in the later stages. 
Some experiments were conducted, therefore, growing the plants to matu- 
tity. Fairly big-sized pots were made up entirely with acid-washed sand 
(free from organic matter) and treated with complete minerals in the same 
proportions as in the previous experiments. The seeds were sown at the 
rate of six per pot, but as the seedlings came up, they were reduced to two 
each. Ungerminated seeds, as also traces of adhering organic matter, were 
carefully removed. ‘The pots were all kept in wire-gauze cages which were 
shielded against dust and watered with distilled water. 


The pots were divided into batches of five each and treated as follows :— 
(a) pressed yeast (dried), 0-1 g.; (b) aqueous extract of 0-1 g. of yeast ; (c) 
ash of 0-1 g. of yeast; (d) dried blood, 0-1 g.; (e) aqueous extract of 0-1 g. 
of dried blood ; (f) ash of 0-1 g. of dried blood ; and (g) control (untreated). 
The aqueous extract of yeast or dried blood was prepared by shaking 8 g. 
of the dry powder with 320 c,c, of distilled water in a reciprocating shaker 
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for 30 mins. and then filtering. The filtrate was examined microscopically 
in each case to ensure the absence of living organisms. The extract 
obtained from yeast contained 0-23 per cent. of solids and that from dried 
blood, 0-11 per cent. The experimental pots (groups b and d) were treat- 
ed with 4 c.c. each of either extract. 


It was observed that although the seedlings came up quite well in all 
the cases, the growths were not sustained in the later stages. Although the 
plants continued apparently healthy, the general development was so poor 
that none of them grew up to be more than a foot in height. In many 
cases, the tips showed signs of drying prematurely. Tillering was very poor. 
Flowering and grain formation were also disappointing. Some of the plants 
bore no grains at all, while the others yielded only two or three each. In 


view of these unsatisfactory results, the quantitative data have not been 
recorded. 


The poor plant growth may have been due to one or more of the following 
causes :—(a) absence of sufficient quantities of organic matter ; (b) inadequate 
supply of certain essential mineral nutrients ; (c) presence of toxic substances. 
Both {a) and (b) are probable, but it is hardly likely that any toxic 
substance was present. The sand had been repeatedly washed with water 
until it was chloride-free and then spread out to dry for a number of days, 
so the adverse effect could not have been due to the presence of even traces 
of hydrochloric acid. Watering was also done with care, so there was no 
danger of water-logging the roots: nor was there any possibility of loss of 
nutrients through profuse drainage since the quantities of water that were 
added were just sufficient to make up for loss by evaporation. 


Response to minute quantities of farmyard manure in presence of a 
culture solution— With a view to avoiding the possible defects in the 
previous experiments, the following modifications were made: (a) the 
inorganic salts that were applied as part of the basal treatment were 
replaced by Meyer’s culture solution (1932) which includes sodium, iron, 
magnesium and chloride in addition to the usual nitrogen, potassium, 
phosphorus and calcium; (b) the minerals were supplemented by the 
product (2-0g.) obtained by treating soil repeatedly with hydrogen 
peroxide (beginning with 6 percent. and increasing to 30). It was hoped 
that this treatment would leave the nutrients in a more readily available 
form than the drastic one of ignition. 


To pots containing 250 g. each of acid-washed sand, 4 c.c. each of Meyer’s 
solutions (A) and (B) were added followed by application of peroxide- 
treated soil which was spread uniformly throughout the surface, The 
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following were the treatments: (a) farmyard manure at 0-05 g. per pot; 
(b) product of treating farmyard manure (0-05 g.) repeatedly with hydrogen 
peroxide and then evaporating the resulting suspension. The seedlings were 
raised in the same manner as described in some of the previous experiments. 


TABLE VII. 


Averages 


Number of 
Treatment : : 
seedlings | shoot height | Root length 
in cm, incm, per seedling 


Farmyard manure 
(0-05 g.) 240 | 16-5 10-5 


Product of treating farm- | | 
yard manure (0-05 g.) 
with H,0, .. 240 | 15-4 9-2 | 33-0+2°8 
| | 


The results (Table VII) show that when all the essential mineral 
nutrients were provided, addition of minute quantities of organic matter 
made no appreciable difference to growth. 


Although Robinson (1927) has shown that certain forms of organic 
matter present in or associated with the soil are resistant to the action 
of hydrogen peroxide, it was yet found that the oxidation was complete 
in the case of the soil or farmyard manure used in the present study. 
The treated specimens did not contain any lime, chromates or manganese 
dioxide and this was probably largely contributory to the efficiency of 
the oxidation. 


Influence of change of substrate on the growth of barley.—In the foregoing 
experiments all the conditions had been altered with the exception of the 
substrate. Although evidence has already been adduced to show that no 
toxic substance could be present in acid-washed sand, yet it appeared 
probable that sand may not be a suitable medium for bringing out the 
effects of minute quantities of organic matter. It was considered desirable, 
therefore, to try another substrate, which, while making a suitable medium 
for plant growth, would yet be free from carbon compounds. After trying 
a number of substances such as asbestos, kaolin and kieselguhr, it was 
found that laterite was eminently suitable for the purpose. Soil treated 
repeatedly with hydrogen peroxide was also found to be useful, but since 
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large quantities of the reagent were required for obtaining even a few 
pounds of the product, the experiments were carried out only with laterite. 


The type of laterite occurring in Bangalore and Kolar districts and, 
indeed in many parts of the Deccan plateau, contain only minute quantities 
of organic matter. In certain parts, especially where there is no vegetation 
and the surface is continuously exposed to weathering, it forms hard lumps 
which contain iron and alumina together with some quantities of silicates, 
but practically no carbonaceous matter. Even the traces that are present 
occur largely at the surface and can be easily washed off with water. 
Big lumps of this type of laterite (which is rather different from that found 
in other parts of the country where the rainfall is much heavier) were 
quarried from the Institute area, broken up to the desired size and then 
repeatedly washed with water. The product thus obtained was completely 
free from carbon as verified by wet combustion. 


The pots were made up with laterite in the usual way and after adding 
(1) 5c.c. each of Meyer’s solutions A and B, and (2) the product obtained 
by treating soil (80 g.) with hydrogen peroxide, they were divided into 
batches of six each and treated as follows:——(a) farmyard manure (0-05 g.) ; 
(6) ash of farmyard manure (0-05 g.); (c) dried blood (0-05 g.); and (d) 
ash of dried blood (0-05 g.). The other details were the same as those of 
the previous experiments. 

TaBLE VIII. 


| 
| Averages 
Number 
Treatment of 7 
[seedlings | Shoot height | 
| in cm. per seedling 
| 


Farmyard manure .. ae 264 20-2 7-2 32-343-1 


Ash of farmyard manure... 264 17-0 6-0 32-44+2-4 


Dried blood 15-5 5-3 29-64+1-7 


Ash of dried blood ‘i 258 17-6 6-8 37-14+6-4 


It may be seen from the results (Table VIII) that although the dry 
weights had not appreciably altered, the root lengths were very much less 
than those observed in some of the previous experiments (cf. Table VI). 
This was obviously a feature of growth on laterite and might have been due to 
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either the aggregation of particles and general hardening in the lower strata, 
formation of toxic substances or development of other undesirable condi- 
tions below the first few inches. The seedlings raised on ash of dried blood 
had the biggest average dry weight, but the attendant error was so large 
that it cannot be regarded as being significantly different from the others. 
The results would indeed show that when all the requisite minerals 
are provided, minute quantities of the organic matter in either farmyard 
manure or dried blood make no perceptible difference to the growth of 
seedlings. 

Further experiments with the different fractions of farmyard manure.—Since 
the previous observations had shown that the results obtained on laterite 
were, on the whole, similar to those on acid-washed sand, the present set of 
experiments was carried out with the latter. The trials were designed so as 
to bring out the effects of (@) mineral fertilisers, (b) the organic as well as 
the inorganic constituents of soil ; (c) mineral matter in farmyard manure as 
obtained by different methods; and (d) the water soluble as well as the 
water insoluble constituents of farmyard manure—-on the growth of barley. 
After being made up with sand, the pots were divided into groups which 
received the following basal treatments :—(A) sand+ complete minerals as 
in the earlier experiments (control); (B) as in A+ soil (80 g.) treated with 


TABLE IX. 


| Averages 


Treatment o 
_ Seedlings Shoot length 1 
in cm. per seedling 
A (control) 114 21-6 20-4 6-5 
B alone Re 255 23-3 20-3 36-2+ 1-8 
B+Ash of Fy.M. (0: 05g.) .. 245 23-4 20-3 43-2412-7 
B+Fy.M. treated with H,O, 237 28-4 24-5 42-0+ 3-9 
B+Fy.M. (0-05 g.) 288 23-5 20-8 35-44 4-2 
B+ Aqueous extract of Fy. M. 221 24-8 24-8 38-8+ 6-0 
B+ residue after extracting 

Fy.M. 171 25-2 26-0 36-8+ 2-9 
C alone 290 26-9 22-3 42-64 5-3 
C+Fy.M. treated ‘with H. 0, 291 25-0 22-4 37-54 5-0 
C+-Ash of Fy.M. i 290 24-5 21-6 36-824 3-7 
D alone pe 269 23-0 25-1 35-04 3-4 
D+Ash of Fy.M. ..| 207 25-3 27-4 2-3 
D+Fy. M. (0-05 g.) at 263 23-6 23-6 35-82 4-4 
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hydrogen peroxide; (C) as in B but with the difference that the minerals 
were applied in stages; and (D) as in A+fresh soil in quantities correspond- 
ing to that in B. The groups were further sub-divided and treated in the 
manner shown in Table IX. For each such treatment 10 pots were 
generally allotted though, in a few cases, only 8 or 6 were employed. 

It may be seen from the results that there is no significant difference 
between the control and the various treatments. 


Discussion. 
The results of the present enquiry have brought to light certain facts 


of considerable scientific interest. They have also raised fresh problems of 
much practical significance. 


Although organic manures are highly effective in field practice (espe- 
cially under tropical conditions) their action is, nevertheless, insignificant 
when applied in minute quantities to sand-cultured plants which are 
provided with complete minerals. While not eliminating the possibility of 
the manures containing some growth-promoting substances, the observations 
would show that, under the conditions of the present study, such substances 
were either decomposed or otherwise rendered ineffective. There was indeed 
evidence to show that even when pure, inorganic substances were used and 
the experiments conducted under dust-free conditions, there was marked 
increase in bacteria and attendant decomposition of the added organic matter. 


If it be admitted that the active substances were lost during the decom- 
position, the same argument would apply in much greater measure when 
considering their potency in the soil. Microbial decomposition proceeds 
very rapidly under field conditions, so that the practical significance of 
adding minute quantities of even the most active forms of growth-promoting 
substances would appear to be doubtful. 


It may be reasonably expected that extract of dried blood or farmyard 


manure would have led to improved plant growth if applied in fairly large 
quantities and in repeated doses. This would, however, only complicate 
the issue since it would not be possible to distinguish between the effect of 
the growth-promoting substances (which would be required only in traces) 
and that of the different products of microbial decomposition. 


Taking all known facts into consideration, the results of the present 
enquiry would lead to the conclusion that even if the organic manures 
contain growth-promoting substances which act in water cultures and other 
specialised conditions, they are yet of no practical significance in field 
practice. Organic manures act only in bulk, so their influence on plant 
growth would appear to be in other directions. 
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It may be argued that the present study was carried out with only one 
crop and that in most of the experiments the observations were not extended 
beyond the seedling stage. To that, it may be pointed out that if the 
growth-promoting substance does exist and is potent, it should produce 
the desired effect on any plant. Most of the previous trials were carried 
out with aquatic plants which have only some academic interest. If the 
effect is of any practical significance, it should be prominently seen in the 
case of agricultural crops, especially those of some economic importance. 
As for the trials being confined to seedlings, it may be stated that there 
is considerable practical difficulty in extending the observations beyond the 
seedling stage. In addition to the cost and labour involved in growing an 
organic material (the plant) in inorganic surroundings, it would be found 
to be almost impossible to keep out dust and avoid microbial action over any 
great length of time. Attention may also be drawn to the experiments in 
which attempts were made to grow the plants to maturity on acid-washed 
sand and exclusively on mineral nutrients. Under such conditions, the 
plants made no useful headway and the results were discordant, so it has 
to be inferred that, by prolonging the period, the object of the experiment 
would be defeated. 


Many of the previous investigators who observed response to minute 
quantities of different organic substances had worked with water cultures. 
Their observations would suggest that the active substances were more or 
less stable under such conditions. Water cultures have only restricted 
interest, so if the beneficial effects are to be obtained under field conditions, 
the extracts containing the active substances should be fed directly to the 
plant. The possibilities of the injection method in this direction have 
already been indicated by Subrahmanyan and Varadachar (1933). The 
technique has since been extended to a number of plant species with satis- 
factory results. A systematic study of the effect of injecting different 
organic extracts at various stages of plant life was therefore carried out. 
The results of that enquiry which are of much interest will be dealt with in 


‘the next communication. 


Summary. 


1. When barley seeds which had been previously steeped in water 
were sown on partially washed or acid-washed sand treated with 
mineral fertilisers (complete in regard to N, K and P), (a) the germination 
was often below 60 per cent. and (4) the seedlings responded favourably to 
minute quantities of dried blood, pressed yeast or farmyard manure. Aqueous 
extracts were generally found to be more potent than whole substances. The 
beneficial effect was lost if the seeds were sown about a month after addition 
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of the organic substances. This was traced to the activity of micro- 
organisms. 


2. When (a) unsteeped seeds were used for germination, (b) tempera- 
ture and iight intensity were adequately controlled, and (c) mineral supply 
was augmented by ash constituents of soil and farmyard manure, or dried 
blood, no significant response to minute quantities of different organic 
substances could be obtained. Increased concentration and better distribu- 
tion of dried blood either as such or as aqueous extract could not produce 
any effect which was appreciably different from that of the minerals alone. 

3. No benefit was derived by adding minute quantities of yeast or 
dried blood, at different stages of growth, to sand-cultured plants raised 
exclusively on mineral constituents. Similar results were also obtained 
when the plants were fertilised with a culture solution or when a different 
mineral medium laterite) was used as substrate. The potency of minute 
quantities of different fractions of farmyard manure was studied and in no 
case could any beneficial effect, distinct from that of the mineral constituents, 
be obtained. 


4. The results show that under controlled conditions and in presence 
of complete supply of minerals, minute quantities of the organic constituents 
of dried blood, yeast or farmyard manure have no appreciable effect on the 
growth of sand-cultured barley. The general evidence would show that, on 
sand or soil, organic manures produce the desired effect only when applied 
in bulk, sothe mechanism of their beneficial action in the field is to be 
looked for in other directions. 
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CYTOLOGICAL STUDIES ON NVYCTOTHERUS OVALIS 
WITH SPECIAL REFERENCE TO ITS 
MORPHOLOGICAL TYPES. 
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Introduction. 
THE genus Nyctotherus was created and defined by Leidy::! 

Body ovate, finely vibrillated, dilated posterior!y, compressed anteriorly ; investing 
tunic granular and marked with longitudinal lines ; antero-inferiorly and middle line 
of the body furnished with a semicircle of large vibrille, anterior to which is a large, 
granular areola ; posteriorly, with a short fissure passing inwards. 

N. ovalis was described by. the following words : 

Translucent, oval, posteriorly obtuse. Anterior areola large, granular. Posterior 
fissure passing downwards. Length 1.187th in., Breadth 1,250th in.? 

In India N. ovalis has been recorded by FE. N. Ghosh in 1921.3 In his 
synopsis we find : 

Cytopharynx transverse, reaching the opposite side of the body, body broadly oval, 
macronucleus oval. 

More recently Bhatia and Gulatit say referring to N. ovalis: 

We have found specimens of this species from the midgut and hindgut of its usual 
host Periplaneta americana at Lahore. 

No detailed description is given, but in the synopsis the authors state : 

Cytopharynx transversely or obliquely directed and reaching the middle: Body 
broadly egg-shaped. Length variable 70,360 microns. Macronucleus egg-shaped. 

Nyctotherus ovalis is an universal parasite of Periplaneta and recorded 
probably everywhere, but its description is very short and no special refer- 
ence is made to its morphological variations. The general books on Proto- 
zoology do not refer to the cytology of N. ovalis. Doflein® states that according 
to Zulueta the disposition of the macronucleus is similar to the macro- 
nucleus of Isotricha, and refers to its encystation and gives the measure- 
ments as 90-130 microns. Wenyon,® Calkins’® only register the genus and 
this species. Ray Lankester® after stating that the genus Nyctotherus is 
considered as a sub-genus by Butschli, says: 


It is distinguished from it by its reniform shape and by the sausage-shaped or oval 
meganucleus. 0, 3. 
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The senior author remembers having read years ago an interesting 
monograph on N. ovalis by Zulueta from Madrid!® and if he is not wrong he 
believes that Zulueta was the first to describe the diaphragm, an organel 
which differentiates this species from many other similar parasites of Anura, 


In the excellent paper on N. ovalis by Miss J. Lima Ribeiro,!! the 
figures show with clearest evidence the various types of N. ovalis, in spite 
that the text does not make reference to the peculiarities which, we believe, 
exist everywhere, and we are going to describe now. 

Many blattids have been examined by us for the search of Ciliates. 
Only Periplaneta americana, kindly identified by Dr. Baini Prashad of 
the Indian Museum, Calcutta, has shown a large number of Nyctotherus in 
the intestinal contents either of adults or of the nymphal stage. 


Our preparations have been made through wet fixation by sublimate- 
acetic-alcohol or Bouin and stained by Mayer’s Hemalum or Heidenhain’s 
iron hematoxylin. We will first describe the general morphology and the 
division stages and later on the morphological types of this ciliate. 


General morphology.—The parasite is oval, slightly pyriform, with the 
inferior pole broader than the superior one. It is divided by a sort of 
membrane, which is represented on stained preparations by a curved line 
strongly syderophyl, into two parts: one, anterior smaller, transparent and 
of a finely alveolar structure ; the other, posterior, infra-nuclear, occupying 
more or less two-thirds of the length of the body, formed by large alveols 
and containing numerous inclusions and foreign bodies. This membrane 
which is not found on the various species of Nyctotherus parasitising the 
intestine of frogs and toads and constitutes therefore a characteristic organel 
of N. ovalis is named diaphragm by Zulueta and Lima Ribeiro. It is also 
figured in N. termitis Dobell,!2 N. velox, and other members of the genus 
N yctotherus S. str. established by Grassé.!3 It has also been described by 
Kirby Junior! in N. silvestrianus!* and by Zeliff® in N. osmoderme, though 
not figured in his illustrations (a caryophore or suspensor of the nucleus, is 
visible in many specimens, says the author). 


This membrane which acts truly as a diaphragm has a very peculiar 
constitution. It begins on one of the borders of the parasite near a con- 
striction situated at this level and arriving near the nucleus shows a 
bifurcation destined to lodge the macronucleus. At the other end of the 
nucleus its two branches united again, reach the peristomial border, but 
between this nuclear edge and the peristomial border it gives a branch which 
runs in an irregular curve upward and backward to the left, is attenuated and 
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almost lost in the endoplasm of the anterior zone which is divided by this 
organel in two parts: one, anterior, without any noteworthy peculiarity and 
covered by the strong adoral cilia beginning already at this level; the other, 
posterior, lodging the nuclear apparatus composed of meganucleus 
surrounded by this caryophore diaphragm and a micronucleus whose situation 
will be referred to in the description of the morphological types of this Nycto- 
therus. The branch, irregularly curved and projecting upward and backward 
to the left, has been interpreted by Lima Ribeiro as a projection of the 
so-called diaphragm giving room to an optical illusion. In reality it is a true 
organel which Grassé!3 named frontal lamina in N. haranti. 


The other organels, whose description can be comprised in the general 
morphology of the Nyctotherus, are: 


(a) The cytopygium and the stercoma, the first one, under the form of 
an oblique groove, generally straight, sometimes slightly curved, addressed 
in a direction inverse to that of the cytopharynx; the second, constituted 
by one to three vacuoles in connection with the anal groove. 


(b) The peristoma and the cytopharynx, the first one beginning on the 
superior pole and continuous with the cytopharynx, whose ostium lies on 
the anterior third, often just close to the caryophore diaphragm. The direc- 
tion of the cytopharynx is variable: transverse or oblique, straight or 
curved, pointed or digitiform and reaching generally 
more than the middle of the body. In some specimens 
the cytopharynx extends till. the posterior pole almost 
near the stercoma. One interesting feature, and 
hitherto not described, is that besides the adoral cilia 
and their basal granules, there are on the superior lip 
some triangular myonemma, with their base directed 

Fic.1. Myonemma outwards. ‘This disposition is in some specimens very 

uniting the lips of » 

the peristoma. Marked (Fig. 1). 

Ten Kate!® described near the end of N. ovalis an 
ectoplasmic thickening which he designated as pharynx and many fibrils 
extending from near the end of the cytopharynx which he named prepharyngeal 
fibrils. InN. silvestrianus Kirby Jr. described the following organels: 


(a) A slender, band-like structure, deeply stainable with iron hema- 
toxylin, as long or longer than the cytopharynx, not attached at its distal 
end and whose position in the body varies as it may be curled or looped 
in various ways is present (Fig. 2a). This structure is considered by the 
author as homologous with the “‘ continuation tube’’ of the “‘ sub-pharyngeal 
canal’’ described by Higgins (1929) in N. cordiformis. We were not able to 
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2a 2b 2c 


Fig. 2. 


2a and 26 according to Kirby Jr. in MV. silvestrianus. 2c and 2d dispositions found in MV. ova/is. 


consult the paper of Higgins [Variations in the Nyctotherus (Protozoa ciliata) 
found in frogs and toad tadpoles and adults published in Trans. Amer. Micr. 
Soc., Menasha 48, pp. 141-157]. Kirby Jr. has not found any structure 
resembling the ‘‘ Subpharyngeal canal’’ of Higgins. 


(6) Another peculiar structure (Fig. 2b) whose description will be here 
quoted in the author’s own words: 


Lying against the cytopharynx of N. silvestrianus is a peculiar structure which 
has the form of a V_ whose right limb is the stouter. The bend is situated a short 
distance from the end of the cytopharynx on its upper side. At the bend there is a 
deeply staining enlargement. The stouter limb extends along the wall of the cyto- 
pharynx near but to one side of the right margin, so that it does not occupy the position 
of Higgins’ subpharyngeal canal in N. cordiformis. It has been traced for about two- 
thirds of the distance to the cytostome, where it becomes attenuated. Its substance 
is heterogeneous, consisting of alternating stainable and non-stainable elements. 


The other limb is much more slender. It is situated along the dorsal side of the 
cytopharynx near but a short distance from the bases of the pharyngeal membranelles. 
It has been traced as far as the cytostome. Arising from this limb of the V near the 
bend are several deeply staining fibrils which extend into the endoplasm, where, so far 
as could be determined from the material, they end freely. For several microns beyond 
their point of origin they extend outward ; then they bend sharply posteriorly, forming 
a group of fibres which can be traced farther for a few microns. 

Along the margin of the cytopharynx close to the bases of the membranelles there 
appears to be a slender, stainable fibril which rounds the end, perhaps meets the 
enlargement at the apex of the V. 
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We have studied most accurately this point in our specimens, those 
stained by iron hematoxylin being the only ones capable of giving some 
idea of the complex structure of this part in Nyctotherus. It is, as one 
may certainly believe, very difficult to make a correct interpretation of all 
the structures or pseudo-structures seen in these Protozoa. It seems to us, 
however, that the following points may be stated : 


(a) At the end of the cytopharynx and in its interior there is in our 
specimens an organel analogous to the V-like structure described by Kirby 
Jr. Its right limb is very stout, stains uniformly and more deeply than 
the left one, is very short and very close, almost attached to the right lip 
of the cytopharynx. The left one is a thin, wavy line running in the middle 
of the cytopharynx and whose extension has been traced till a certain 
distance beyond which it becomes indistinct. 


(b) At the end of the cytopharynx and on its external side, attached as 
an appendix there is a triangular zone, more or less syderophyl, uniformly 
stained when it is narrow, with its borders linear and more deeply stained 
than the area, when large, from whose angles two or three long fibrils 
emerge and taking an irregularly curved direction run towards the stercoma 


“region, without any apparent connexion by their distal points (Figs. 2c, 2d). 


We have not found in N. ovalis the group of prepharyngeal fibrils 
described by Ten Kate and figured also by Kirby Jr. in N. silvestrianus 
(Figs. 2a, 2b). 


(c) As we have said above, Higgins, whose paper we were not able to 
consult, described in N. cordiformis a continuous canal from the surface of 
the body to the end of the cytopharynx along its right side. The canal was 
named Subpharyngeal canal which widens into an ampulla near the end of 
the pharynx and continues on the body through the so-called ‘‘ Continuation 
tube”. It is not the same as the pharynx described by Ten Kate in 
N. ovalis and which seems to correspond to the appendix which we find in 
our specimens (Figs. 2c, 2d). 

Such a canal undoubtedly exists in N. ovalis. It can be seen in some 
specimens, perfectly in tubular form, running parallel to the right lip of the 
cytopharynx, sometimes under the form of a weakly stained band. We 
were not able to find any other connexion or continuation of this organel 
(Fig. 3). 

Divisional stages.—-The division of the macronucleus is amitotic and 
does not offer any noteworthy peculiarity. The division of the micronu- 
cleus is a true mitosis and shows the following stages :—(1) disappearance of 


- the hyaline zone around the karyosome, the whole space within the nuclear 
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Fic. 3. Subpharyngeal canal in N. ovalis. 

membrane being filled with chromatin. Such phase represents a pheno- 
menon preparatory to mitosis; (2) formation (? not seen) and intranuclear 
division of the centriole, each daughter centriole being surrounded by a 
membrane at the same time that the chromatin is transformed into a 
nuclear dust ; (3) formation of desmose uniting both centrioles, the chroma- 
tin remaining in the same stage as in (2) ; (4) the micronucleus becomes now 
elliptical, rudimentary diaster within the membrane; (5) prophasis with 
four chromosomes; (6) meta, ana, telophasis; (7) amitosis of the macro- 
nucleus (Fig. 4). 


Fic. 4. Divisional phenomena, mitosis of the micronucleus, amitosis of the 
macronucleus. 


(a) Micronucleus in quiescent phase, type protokarion; (4) reduction of chromatin to 
chromidial dust ; (c) formation of centrioles; (d) rudimentary diaster; (¢) centrioles within 
the nuclear membrane ; (/-/) mitosis. 


Morphological types of N. ovalis (Fig. 5). 

Type A.—Constituting more than 90% of the total number of this ciliate. 
Oval or pyriform, slightly compressed at the intersection of the diaphragm. 
Macronucleus oval, very seldom rectangular and composed of numerous 
granules, more or less fused in a compact mass. Micronucleus, always dis- 
tinct and separate from the macronucleus, situated sometimes at some 
distance from the latter, sometimes very close to the caryophore membrane 
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B 
Fic. 5. Morphological types of N. ovalis. 


which shows a slight concavity for lodging the micronucleus. It is 
surrounded by a membrane and constituted by a karyosome occupying the 
centre in such a form that between the karyosome and the membrane 
there is aclear hyaline area (type protokarion). Cytopharynx straight, 
either pointed or digitiform and transversely directed on the middle line of 
the body or bent in a gentle curve, with its concavity turned to the inferior 
pole and reaching it almost near the stercoma. Anal groove simple, and 
opened on the surface without any pro-eminence on its borders. 


Measurements : 1 Nyctotherus 95x70 microns; 2 N. 100x 65 and 70; 
2 N. 105x 60 and 100;2 N. 11075 and 80; 1 N. 120x 75; 1 N. 125x105. 


Type B.—Constituting less than 6% of the total number of the parasites. 
Form of the body and cytopharynx, etc., the same as in the type A. Macro- 
nucleus mostly rectangular, very seldom oval. Micronucleus embedded in the 
mass of the macronucleus where it appears with the same constitution as in 
type A. Anal groove with the border opposite to the peristoma pro- 
truded in a very conspicuous mamilonated point, much more accused 
than in N. piscicola Daday and in N. cordiformis of Rana malabarica. 

Measurements: 2 Nyctotherus 90x70 and 60; 1 N. 95x65; 3N. 
100x 50, 60 and 65; 2 N. 105 x 60; 1 N. 115 x 90; 2 N. 125 x 60 
and 105. 


N.B.—One should be inclined to consider this type a different species 
if transitional forms were not found as described in type C. 
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Type C.—Specimens very rare, in some sort intermediate between the 
former types: macronucleus oval with the micronucleus very close to its 
membrane. Very slight nipple on the border of the anal groove. 

Measurements: 1 Nyctotherus 60x50; 1 N. 70x50; 1 N. 85x55; 3 N. 
100 x 75 and 90; 1 N. 105x 70; 1 N. 11075. 


A comparison between these types shows that we are dealing with 
morphological variations of the same species and such variations should be 
considered in the description of the general morphology of Nyctotherus 
ovalis Leidy. 

Summary. 


Description of Nyctotherus parasite of Periplaneta americana found in Géa. 
Detailed description of some organels, as the caryophore diaphragm with its 
frontal lamina as well as of the neuromotor apparatus attached as an 
appendix to the cytopharynx and the fibrillz in the lumen of the cytopha- 
rynx. Confirmation of the existence of sub-pharyngeal canal as described by 
Higgins in N. cordiformis. Divisional stages with mitosis of micronucleus 
preceded by premitotic phenomena consisting of a reduction of the 
caryosome to nuclear dust, formation of centriole and rudimentary diaster. 
Four chromosomes stated. Amitosis of macronucleus. ‘Three morphological 
types: (a) micronucleus separate from macronucleus, anal groove simple; 
(b) micronucleus embedded in the mass of macronucleus, anal groove with 
one border mamilonated; (c) transitional type with nuclear apparatus as 


in (a) and anal groove as in (b). All these types are variations of one 
single species, N. ovalis Leidy. 
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1. Introduction. 


THE plant remains here described come from four localities in the 
northern part of the Rajmahal Hills (see map).! They were kindly lent to 
us for description by Dr. M. M. Chatterjee, Professor of Geology at Presidency 
College, Calcutta, to whom our best thanks are due. The fossils were 
collected by parties of students led by the late Professor Hem Chandra Das 
Gupta. All the originals are preserved at the Presidency College (Depart- 
ment of Geology). 

The localities are all easily reached from Mirzachowki Station on the 
loop line of the East Indian Railway. We have no information whether the 
specimens were found loose or im situ, but the localities, and the nature 
of the matrix in which they are preserved, leave no doubt that they all 
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1 This map is based upon the Survey of India Sheets Nos. 72 and 725. 
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come from horizons in the Rajmahal series. They must therefore be 
regarded as of Jurassic age, although the exact horizons must unfortunately 
remain in doubt. The great majority of the species are preserved in a hard 
grey fine-grained rock characteristic of locality D in our earlier map (Sahni & 
Rao, 1933), here reproduced with the new localities added as round dots. 


2. Localities. 
1. Balbhadri village. About three miles S.S.-W. of Mirzachowki 
Railway Station, on the road to Daman. 
2. Khairbani village. Four miles due S. of Mirzachowki Station. 
3. Bartala village. About one mile S.S.-E. of Mirzachowki Station. 
4. Bunchapa village. About three miles S. of Mirzachowki Station. 


3. Descriptions. 


EQUISETALES. 
Equisetites cf. rajmahalensis O. & M. 
Badly preserved disc-like impressions, possibly nodal diaphragms. 


FILICALES. 
Sphenopteris sp. 
(Pl. XXXV, Figs. la, 2a.) 


Fragment of a sterile leaf showing three small pinnules attached to a 
slightly winged. rachis having a prominent groove. The outline of the 
pinnules is not clearly made out. Venation well preserved ; a single vein 
from the rachis passes into each pinnule and dichotomises twice or thrice, 
the veins spreading out as in Text-Fig. 1. 


Incomplete preservation and the fragmentary nature of the specimen 
render specific identification difficult. 


Sphenopteris rajmahalensis sp. nov. 
(Pl. XXXV, Figs. 1b, 2b, 2c; Text-Figs. 2 and 3.) 

DraGnosis.—Frond bipinnate, pinnae alternate, sessile, long, narrow, 
spreading, coming off from the slender rachis at a wide angle, sometimes 
reflexed. Pinnules inclined forwards at about 30°, united at the base so as to 
appear like mere lobes, alternate, cuneate and usually terminating in a rather 
broad truncate border which may be slightly notched, giving a 2 or sometimes 3 
lobed appearance to the pinnule. Veins usually two in each pinnule, 
occasionally 3. 

This species is represented by two fragmentary specimens, each consist- 
ing of a few sterile pinnz which are 7-12 mm. long by 1} to 4 mm. broad. 
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Text-Fie. 1. 
Sphenopteris sp. (X74). 


TExtT-Fia. 2. Text-Fic. 3. 


Sphenopteris rajmahalensis sp.nov. Sphenopteris rajmahalensis sp. nov. 
(x 5}). (x 3%). 


The venation is very clear; a single vein comes off from the mid-rib at an 
acute angle and usually forks at once; often three veins may be found in 
a pinnule due to repeated dichotomy. 


While retaining this species in the form genus Sphenopteris we cannot 
identify it with any of the species so far figured from the Rajmahal area. 
There is a general resemblance with Coniopteris nitidula Yokoyama? a 
Cretaceous species from China, but a closer resemblance is seen with the 
Graham Land species Sphenopteris Nauckhofiana (Heer).3 The pinnules in 
the latter species are, however, regularly bilobed with only two veins in each 


2 Yokoyama, 1906, p. 35, Pl. XII, Figs. 4, 4a. 
8 Halle, 1913, p. 27, Fig. 6, Pl. III, Figs. 26, 26a. 
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pinnule, whereas in the Rajmahal species the lobing is rather irregular, the 
apex is broadly truncate, and there are frequently three veins in each 
pinnule. 


Teniopteris ensis Old. sp. 
(Pl. XXXV, Figs. 3, 4.) 


A solitary fragment, 27 mm.x11 mm., preserved in a soft light 
coloured clay. Whether the specimen represents a leaf or only a pinna 
cannot be stated. The outline is narrowly elliptical, attenuated towards 
both ends ; the actual apex is not preserved. The prominent mid-rib is broad 
at the base and becomes rather rapidly thinner towards the apex; the 
lateral veins arising obliquely spread outwards, dichotomising and showing 
occasional anastomoses. 

This interesting specimen closely resembles Oldham’s Stangerites 
(Taeniopteris ensis)* in most respects but differs from it in having a few 
anastomoses between the lateral veins. Even in Oldham’s figure, however, 
the dichotomising lateral veins sometimes pass so near each other as 
to suggest that occasional anastomoses may have been present. We 
have therefore little hesitation in referring this Rajmahal leaf defi- 
nitely to T@niopteris ensis, a species which we regard provisionally as 
a fern. 

Our specimen also closely resembles the South American species Asple- 
nites lanceolatus Halle’ in some respects, but the latter shows no anasto- 
moses and in our specimen there is no evidence of a dentate margin. 


Marattiopsis macrocarpa Morris sp. 
(Pl. XXXV, Figs. 5-7, Pl. XXXVI, Figs. 8-10, Text-Fig. 4.) 

There are many well-preserved sterile and fertile fronds which have 
enabled us to extend our knowledge of this species in several respects. In 
the fragment shown in Pl. XXXV, Fig. 5 the median slits of the synangia are 
distinctly seen. As a rule the synangia are crowded, each lateral vein of the 
pinna bearing a synangium as in Text-Fig. 4 but in Pl. XXXV, Fig. 6 (centre) 
one or two fronds show the synangia very sparsely distributed. In Fig. 7 
there are two pinnz, one sterile, the other fertile, lying parallel to each 
other in such a way as to suggest that they may be parts of one 
large bipinnate frond. In the sterile pinna the lamina is raised up in 
the form of oblique elliptical elevations in the region of each lateral vein 
(Figs. 7, 8). 


* Oldham and Morris. 1863, Pl. VI, Fig. 9, Text page 35. 
5 Halle, 1913a, p. 33, Pl. IV, Figs. 11-21. 
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The white colour of the synangia, which makes them stand out so 
prominently in the photographs, is due to a fine powdery mass, which is 
easily removed with a needle and no doubt consists of spores. We have 
failed, however, to obtain a clear idea of the size and form of the spores. 
A small quantity of the white powder, mounted 
in glycerine or oil and gently tapped under a 
coverslip, invariably shows masses or small 
groups of irregular shaped bodies varying in size 
from 5y to (Fig. 9). Treatment with Schultze’s 
mixture gave the same results. These minute 
bodies are probably unripe and more or less 
shrunken spores. No sculpturing or other 
surface features can be made out. Among these, 

Text-Fiae. 4. however, one occasionally sees isolated spherical 
Marattiopsis macrocarpa = snores about Tu—8p in diameter but likewise 

a UD. devoid of any special surface features. Assuming 
that these are fully formed spores of the same species (they can scarcely 
belong to any other species, as they were also found in leaves freshly 
exposed with a chisel) the spores of Marattiopsis macrocarpa are unusually 
small for a fern. 


Gleichenites gleichenoides O. & M. sp. 
(Plate XXXVI, Fig. 10.) 


Cladophlebis indica O. & M. sp. 
(Pl. XXXV, Fig. 7.) 
Fig. 7 shows a well-preserved sterile fragment; one of the pinne 
has an acuminate apex—an unusual feature for this species. 
Cladophlebis sp. (? cf. C. indica). 
CYCADOPHYTA. 
Ptilophyllum cf. P. cutchense McCl. sp. 
Well-preserved fragments showing the surface features described and 
figured in our earlier paper (p. 191, Pl. XII, Figs. 8, 8a). 
Ptilophyllum acutifolium (O. & M.) 


Pl. XXXVII, Fig. 11 is a natural size photograph of an unusually 
large leaf which measures 42 cm. in length although it is incomplete at 
both ends. Adding about 7 or 8 cm. at the apex and a petiole of say 15 cm. 
the total length should be not less than 65-70 cm., a size comparable with 
that of an ordinary leaf of Cycas revoluta. 
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Ptilophyllum cf. P. acutifolium (O. & M.) 
Nilssonia princeps (O. & M.) 


Trxt-Fia. 5. 
Nilssonia princeps (O. & M.) 


(ca. X$). 


(Text-Fig. 5.) 


The specimen shown diagrammati- 
cally in Text-Fig. 5 bears three leaves 
of this species, two of which are on 
one side of the block, one on the other 
(shown in dotted lines). The three 
fronds seem to converge below in such 
a way as to suggest that they all 
formed part of one apical crown. 


CONIFERALES. 
Dadoxylon (Araucarioxylon) cf. 
rajymahalense Sahni.® 


A block of badly preserved conife- 
rous wood showing faint growth rings 
macroscopically. Difference between 
spring and autumn wood not clear. 
Radial pits hexagonal, biseriate or 
triseriate, alternate. Medullary rays 
uniseriate, 1-10 cells high, average 
height (of 20 counts) 8 cells; cells in 
end view isodiametric or slightly 
broader than high. Resin canals 
absent. 


INCERT&. 
Rajmahalia gen. nov. 


Generic features—-This new genus 
is based upon a solitary but well- 
preserved impression of a four-sided 
funnel or salver-shaped organ bearing 
a group of rounded scars and a few 
polygonal areas on its upper (inner) 
surface. The scars are placed in a 
squarish group in the middle, leaving 
a naked border all round up to the 
margin of the funnel. On the border 


6 Sahni, 1931, p. 71. 
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there are faintly marked polygonal areas of larger size (Pl. XXXVI, Fig. 13, 
right). 

We can express no definite views as to the nature or affinities of the 
fossil, but the tentative suggestion may be made that it is a seed-bearing 
“flower ’’ probably of some unique type of Bennettitales (in the wide sense), 
the round scars being regarded as marking the points of attachment of ovules 
or ovuliferous scales, the polygonal areas representing interseminal scales. 
The broad four-sided organ in the centre of which the group of scars 
is placed may be either the lower fused up portion of an involucre or 
perianth of bracts, or it may represent an unusually broad persistent ‘‘disc” 
from the margin of which a deciduous staminate organ has fallen off as a 
cap. 

Rajmahalia paradoxa sp. nov. 
(Pl. XXXVI, Figs. 12 and 13.) 


1933, Sahni and Rao, ‘‘ Cylindrical axis with elliptical scars’’, p. 15, 
Fig. 30. 


Diacnosis.—A broadly funnel-shaped organ (provisionally regarded 
as either a fused-up perianth or a disc) carrying in its centre a seed-bearing 
receptacle. The“ disc’’ has an entire margin in the form of a square with 
rounded corners. The receptacle bears numerous elliptical or circular scars 
(? of fallen seeds or seminiferous stalks) each having a minute central pit 
(? vascular bundle), and between these scars a few small polygonal areas. The 
scars together form a squarish group of which the margin is parallel to that of 
the disc itself. The diameter of the central scar-bearing area is about half of 
that of the disc, leaving a naked border about 5-6 mm. wide which is covered 
with minute radially elongated pits (ramental scars ?) and shows large faintly 
marked polygonal areas. Each side of the disc is about 25 mm., the round 
scars are 1 to 2 mm. across, the polygonal scars between them are of about the 
same size or slightly larger. 


The rhomboid object shown natural size in Fig. 12 (enlarged in 
Fig. 13) has been referred to a new genus as we are unable to express any 
definite views regarding its nature and affinities. The fossil apparently 
represents some sort of a reproductive organ, placed on a broad and 
rapidly expanding funnel or salver-shaped disc. The margin of the disc 
is entire and well defined ; its general outline is not circular but quadrangular 
with the corners well rounded. The rhomboid form of the impression 
is obviously due to the fact that the disc has been pressed down in an 
oblique position; one triangular half of it is lying flat and shows the 


normal features of its upper surface, while the other has been folded back, 
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becoming rather crumpled in the process, its margin also becoming some- 
what wavy at the same time. 


The funnel-like character of the disc is clearly shown in the photo- 
graphs. There is a small central depression which rapidly widens upwards. 
The appearance of the crumpled half of the disc shows that the lamina was 
relatively thin: the vein-like lines are probabiy folds. ‘There is no trace of 
veins in the better preserved (flat) half of the lamina which, however, 
is seen covered with numerous very minute pits (? scars of fallen ramental 
hairs) mostly elongated in a radial direction. A part of this half of the 
lamina is faintly divided up into large more or less polygonal areas which 
suggest that they are the impressions of the expanded ends of the inter- 
seminal scales of a Bennettitalean flower. 


In the better preserved half, from the central depression to about half 
way towards the margin, the surface of the disc is covered with a number of 
characteristic scars. The most prominent of these scars have an elliptical 
or circular shape, but between them a number of polygonal scars are 
present. These are best seen in Fig. 13 which is an enlarged photograph 
mounted upside down. The elliptical scars have their longer axes placed 
radially, As seen in Fig. 12 each of these round scars shows a minute 
central pit, apparently marking the position of a vascular bundle, while the 
margin of the scar appears slightly raised. But the same photograph 
viewed upside down (or the enlarged photograph mounted as in Fig. 13) 
shows the whole relief reversed: each scar appears as a raised platform 
surrounded by a circular depression, while the central pit looks like a raised 
point. This appearance is due to an optical illusion. The actual 
appearance of the specimen is as shown in Fig. 12. 


The real nature of this relic must remain a matter of conjecture till 
more complete specimens are discovered. For the present we are inclined 
to regard it probably as an open seed-bearing ‘ flower’’, somewhat 
recalling the hypanthodium of a Dorstenia, although we do not by any 
means wish to imply an affinity with that genus. On the contrary, as 
already suggested, we believe it to be more likely that the fructification 
belonged to a gymnospermous plant, possibly related to the fossil cycads. 
Further speculation, however, would obviously be premature at this stage. 


According to the tentative view here expressed, the rounded scars, 
which must have covered a large squarish area in the centre of the disc, 
represent the points of attachment of seeds or seed-bearing stalks which 
have fallen away, while the central point marks the scar of the vascular 
supply to each seed. To judge by the sizes of the scars, the smallest ovules 
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seem to have been attached immediately round the central depression and 
along the outer margin of the four-sided seed-bearing area, while the largest 
ovules lay in the intermediate region. Between these scars, from the 
small polygonal areas, arose the interseminal scales of which the expand- 
ed distal ends, pressed against the disc on one side, left upon its surface 
the large polygonal impressions faintly seen on the right-hand side of 
Fig. 13. 

In our earlier paper’ we figured and briefly described as a ‘‘ cylindrical 
axis with elliptical scars’’ a fragment which we now have little hesitation in 
regarding as a small part of the scar-bearing receptacle of Rajmahalia. 
The size and form as well as the surface features of the scars are identical 
with those now described. The earlier specimen came from Onthea; the 
locality of the present fossil is unknown but the character of the rock 
is similar to that of specimens from Bunchapa. 


Another possibility which, however, we do not regard seriously, 
is that Rajmahalia is a sporangium- or synangium-bearing sporophyll of a 
fern-like plant, the scars representing the points of attachment of fallen 
sori, of which the placental vascular supply may have been attached at the 
central point. This suggestion recalls the peculiar campanulate spore- 
bearing organs recently demonstrated by Halle® in the Paleozoic genera 
Whittleseya, Dolerotheca and Potoniea. ‘The closest comparison (if any 
real comparison is at all possible) is with Potoniea where the spore-bearing 
structures are superficially placed and free from each other. As stated, 
however, this comparison does not seem to us worthy of serious con- 
sideration ; although, if Rajmahalia is the flower of a fossil cycad, as 
suggested above, it must obviously belong to a type hitherto unknown. 
The most puzzling feature is the “disc’’, with its very definite and 
four-sided outline. 


4. Summary. 


This small collection of Jurassic plants from the Rajmahal Hills 
includes, among several well-known species, two new forms, v/z., 
Sphenopteris rajmahalensis sp. nov. and Rajmahalia paradoxa gen. et sp. nov. 
The latter is a unique type of fossil, somewhat comparable in form 
and size with the receptacle (hypanthodium) of a modern Dorstenia, and 
provisionally regarded as an -open seed-bearing “‘ flower’’ probably of 
a new genus of fossil cycads. 


? Sahni and Rao, 1933, p. 203, Pl. 15, Fig. 30. 
§ Halle, 1933, pp. 17, 42 and 68; 1931, p. 472. 
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EXPLANATION OF PLATES. 
[Unless otherwise stated all photographs are of natural size.] 


Fic. 1.—(a) Sphenopteris sp. 


PLATE XXXV. 


(b) Sphenopteris rajmahalensis sp. nov. F. 465/6. 
Fig. 2.—(a) Sphenopteris sp. F. 465/6. x 5. 
(b) Sphenopteris rajmahalensis sp. nov. F. 465/6. x 44. 
(c) Sphenopteris rajmahalensis sp. nov. F. 464/1. x 2}. 
Fic. 3.—Teniopteris ensis Oldh. F. 461/3. 
Fia. 4.—Teniopteris ensis Oldh. showing venation clearly. F.461/3. x 3. 
Fic. 5.—Marattiopsis macrocarpa Morris sp. Fragment of fertile leaf showing the 
synangial slits. F.461/3. x 2%. 
Fra. 6.—Maralttiopsis macrocarpa fertile and sterile leaves. In the centre is a leaf 
with sparsely distributed synangia. F. 461/1. 
Fie. 7.—Marattiopsis macrocarpa Morris sp., a sterile and a fertile pinna. On the left, 
Cladophlebis indica; one pinna shows the acuminate tip. F. 464/1. 


PLaTe XXXVI. 


Fic. 8.— Marattiopsis macrocarpa Morris sp. A fertile pinna seen from above show- 
ing the lamina raised up into oblique elevations in the region of each 
lateral vein. F.461/1. x 3. 


Fic. 9.—Marattiopsis macrocarpa Morris sp. White powdery contents of a synan- 
gium mounted in glycerine to show the masses of ?spores. x 50. 
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. 10.—Glleichenites gleichenoides O. & M. sp., a sterile leaf. Marattiopsis macro- 


carpa Morris sp. fragments of a sterile and a fertile leaf. F. 465/1. 


. 11.—(See Plate XX XVII). 
. 12.—Rajmahalia paradoxa gen. et sp. nov. On the left, a slender axis with 


equidistant scars (see Fig. 14). F. 465/6. 


. 13.—-Rajmahalia paradoxa. F. 465/6. x 2. 
. 14.—Slender axis with equidistant scars. F. 465/6. x 2. 


XXXVII. 


. 11.—Ptilophyllum acutifolium (O. & M.), an unusually long leaf. F. 465/(2] and 


4635/3. 
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CONTRIBUTION TO THE MORPHOLOGY OF MOLLUGO 
NUDICAULIS, LAMK. 
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1. Introduction. 


A sEARCH through the available literature shows that little attention has 
been paid to the family Aizoace@. The following is a brief summary of the 
work done on the embryology of representatives of this family :— 


Pollen.—In Mesembrianthemum pseudotruncatellum (Schmid, 1925) the 


pollen grains are three-nucleate at the time of shedding and have three germ 
pores. 


Ovule—In Mesembrianthemum pseudotruncatellum (Schmid, 1925), 
M. crystallinum (Woodcock, 1930), M. linguiforme and Tetragonia expansa 
(Huber, 1924) the ovules are campylotropous and have two integuments. 
There is a single hypodermal archesporial cell which cuts off a wall cell. 
The cells of the nucellar epidermis also divide except those lying just above 
the embryo sac which simply stretch out radially. 


Megaspore formation and embryo sac.—The megaspore mother cell 
divides to form a tetrad of four megaspores of which the chalazal produces 
an eight-nucleate embryo sac in Mesembrianthemum floribundum (Jonsson, 
1879), M. pomederianum (Dahlgren, 1916), M. linguiforme (Huber, 1924) and 
Tetragonia expansa (Dahlgren, 1916; Huber, 1924). 


In Mesembrianthemum corymbosum and M. ecklonis, Guignard (1882) 


reported that there is a tetrad of three cells, a condition arising due to the 
failure of division in the upper dyad cell. 


In Mesembrianthemum pseudotruncatellum (Schmid, 1925) no tetrad is 
formed at all and the embryo sac development is of the ‘ Lilium type’. 


Endosperm.—The nuclear type of endosperm has been found in 
Mesembrianthemum pomederianum (Dahlgren, 1916), M. linguiforme (Huber, 
1924), M. pseudotruncatellum (Schmid, 1925), M. crystallinum (Woodcock, 
1930) and Tetragonia expansa (Dahlgren, 1916; Huber, 1924). 


Embryo.—The first division wall in the fertilised egg is transverse and 


a long suspensor is formed. The mature embryo is curved like a horse-shoe 
as in other Centrospermales. 
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2. Material and Methods. 


The material was collected from Bichpuri about seven miles south-west 
of Agra. Some imbedded material fixed in formalin-acetic-alcohol was very 
kindly handed over to me by Mr. B. L. Gupta to whom I am indebted for 
it. Formalin-acetic-alcohol, corrosive sublimate-formalin-acetic-acid-alcohol, 
chrom-acetic acid (chromic acid 1 gm., acetic acid 3 c.c. and water 100 c.c.) 
and Nawaschin’s fluid were used for fixing. The last fixative gave the best 
results. Sections were cut 5—12 microns thick, stained in Heidenhain’s Iron- 
alum Hematoxylin and differentiated in an aqueous solution of picric acid 
(Maheshwari, 1933) which gave very satisfactory results. Some slides were 
also stained with crystal violet and iodine (Newton’s method) but the results 
obtained were not so encouraging. 


3. Investigation. 


Flower.—The inflorescence is a raceme. The scapes are 3—8 inches long, 
wiry and trichotomously branched above. ‘The flowers are axillary, small, 
greenish and have long and slender pedicles. Each flower has five sepals 
which are persistent and about one-tenth of an inch in length. The petals 
are absent. There are 3—5 stamens. The trilocular ovary is formed by the 


fusion of three carpels and there are two rows of ovules in each loculus on 
an axile placenta. 


Microsporogenesis.—The earliest stage that I found shows a longitudinal 
row of sporogenous cells with a layer of wall cells cut off on the outside 
(Fig. 11). The primary parietal layer divides to form two layers (Fig. 12). 
Of these the one adjacent to the epidermis is the endothecium while the 
inner divides again producing the middle layer and the tapetum (Fig. 13). 
The endothecium develops the usual thickenings at maturity. The middle 
layer degenerates early and practically disappears by the time the reduction 
divisions in the pollen mother cells are over. In the beginning the tapetal 
layer consists of large uninucleate cells (Fig. 13) but later on the tapetal 


nuclei divide mitotically and the cells become binucleate (Fig. 14) and 
occasionally trinucleate. 


In the meantime, the sporogenous cells divide to form a large number 
of microspore mother cells which have a large nucleus with one or two 
prominent nucleoli and are filled with dense cytoplasm (Figs. 13 and 14). 
The two divisions in the mother cells are simultaneous and the arrangement 
of the microspores is tetrahedral (Fig. 15) but rarely it may be isobilateral 
(Fig. 16). After separation the young microspores round up and enlarge, 
and the usual exine and intine get differentiated. The microspore nucleus 
divides and a large tube cell and a small crescent-shaped generative cell are 
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formed (Fig. 17). Later the nucleus of the generative cell also divides and 
forms two male nuclei (Fig. 18). At this stage practically no structure can 
be made out in the male nuclei and the tube nucleus begins to show signs of 
degeneration. There are usually three and rarely four germ pores in each 
pollen grain. 


Pollen grains have also been found to germinate inside the anther and 
the pollen tubes ranged in length up to 26 microns. 


Ovule.—There are two anatropous ovules in each loculus of the ovary. 
As in other members of the family, 


Se both the integuments are two cells 
YS thick except the inner which is thicker 

LEO SIR at the end forming the micropyle 
(Fig. 1). The cells of the nucellar 


epidermis divide as can be seen in 
Figs. 1, 23 and 24, and a nucellar cap 
is formed as in the members of the 
allied family Phytolaccacea, viz., Peti- 
veria alliacea, Phytolacca octandra, 
Villamilla peruviana, Rivinia brasili- 
. ensis, R. humilis (Mauritzon, 1934) 
and Phytolacca decandra (Lewis, 1905). 


Megasporogenesis.—Usually there is a single hypodermal archesporial 
cell (Fig. 19) which divides periclinally into a primary wall cell and the 
megaspore mother cell (Fig. 22). Sometimes two and three sporogenous cells 
have also been found (Figs. 20 and 21) but only one of them functions. It is 
at this stage that the two integuments make their appearance. 
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The megaspore mother cell enlarges considerably and after the first 
reduction division (Fig. 23) is over a wall is laid down between the two 
daughter nuclei (Fig. 24). There is a well-defined interphase and the two 
daughter nuclei become well organised. The lower of the two daughter 
cells is slightly larger than the upper (Fig. 24). After the second reduction 
division the wall laid down in the upper dyad cell is either longitudinal or 
oblique (Fig. 25). The chalazal megaspore functions. The two topmost 
megaspores formed by the division in the upper dyad cell are the first to 
degenerate. Some doubtful cases showing only three megaspores were also 
noticed. In Rivinia humilis, R. brasiliensis, Phytolacca octandra, Petiveria 
alliacea and Villamilla peruviana (Mauritzon, 1934) also, there are only three 
cells. Theupper cell often has two nuclei and it is only rarely that a wall is 
laid down between them and when it does happen a T-shaped tetrad is 
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formed. In Mesembrianthemum pseudotruncatellum (Schmid, 1925) no tetrad 
is formed at all and the embryo sac development is of the ‘Lilium type’, 
This, however, needs confirmation as other species of this genus are normal. 


The chalazal megaspore enlarges (Fig. 25) and gives rise to a two- 
nucleate embryo sac (Fig. 26). The two nuclei divide to form four 
(Fig. 27) which again divide to produce an eight-nucleate embryo sac 
of the usual organisation (Fig. 28). The polar nuclei fuse before fertilisation 
in the middle of the embryo sac and the fusion nucleus moves upwards 
and comes to lie near the egg (Fig. 31). It is variable in shape and 
may be spindle-shaped (Fig. 30), oval (Fig. 31) or with an uneven outline. 
The antipodal cells are very ephemeral and degenerate long before the 
fusion of the polar nuclei (Figs. 28 and 29). At this stage the chalazal 
end of the embryo sac begins to push downwards into the tissue of 
the nucellus. 


Mature embryo sacs of Mesembrianthemum linguiforme (Huber, 1924), 
M. pseudotruncatellum (Schmid, 1925), several species of Mesembrianthemum 
investigated by D’Hubert in 1896, Tetragonia expansa (Huber, 1924) 
and Aizoon canariensis (Dahlgren, 1927) are reported to contain starch 
grains but in Mollugo nudicaulis, I have not been able to detect any, 
either in young or in mature embryo sacs. 


Pollination and Fertilisation.—Self-pollination seems to occur here 
as pollen tubes were seen in the ovules of an ovary belonging to an 
unopened flower and pollen grains with pollen tubes were found both 
inside the anther and on the stigma of the same flower. Self-pollination 
is reported in Mollugo verticillata (Hagerup, 1932) also. The pollen 
tube enters through the micropyle. Actual double fertilisation has not 
been observed but in one case I saw a pollen tube containing the two 
male nuclei lying by the side of the egg, and several cases showing 
the remains of pollen tubes in embryo sacs containing young embryos 
have been seen. Fig. 31 shows a fertilised egg, the primary endosperm 
nucleus and the remains of a pollen tube with the degenerated tube 
nucleus. 


Endosperm.—The presence of several endosperm nuclei at the two- 
celled embryo stage suggests that probably the primary endosperm 
nucleus divides first. The endosperm is free nuclear (Fig. 10) and 
grows rapidly through mitotic divisions. The embryo sac is lined with 
a thin layer of protoplasm except at the chalazal end where it is very 
dense (Fig. 10). A similar condition has also been reported by Lewis 
(1905) in Phytolacca decandra and by Mauritzon (1934) in Rivinia 
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brasiliensis, R. humilis, Petiveria alliacea, Phytolacca octandra and Villamilla 
peruviana. The embryo sac continues to push its way down into the 
tissue of the nucellus until it reaches almost to the chalazal end of 


the seed. It forms an extensive horse-shoe shaped structure with the 


embryo growing inside it (Fig. 10). Wall formation in the endosperm 


starts at the micropylar end at the time of differentiation of the two 


cotyledons and then extends to the chalazal region. 


9 


Embryo.—The first division of the oospore is transverse (Fig. 2). 
Figs. 3 and 4 show further stages in the development of the filamentous 
pro-embryo and up to this stage all the divisions are transverse. The 
terminal cell divides by a longitudinal wall (Fig. 5). A few more transverse 
and longitudinal divisions follow (Figs. 6 and 7) and the embryo becomes 
globular (Fig. 8). Fig. 9 shows a more advanced stage where the 
two cotyledons have just been marked out. 
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In the mature seed the external layer of the outer integument and the 
internal layer of the inner integument become greatly thickened and 
hardened. A similar condition has been reported by Mauritzon (1934) for 
Rivinia humilis, R. brasiliensis, Phytolacca octandra, Petiveria alliacea and 
Villamilla peruviana. ‘The outer layer of the outer integument becomes 
hard in Mesembrianthemum linguiforme (Huber, 1924), M. crystallinum 
(Woodcock, 1930) and Phytolacca americana (Woodcock, 1924). 


4. Summary. 


1. The early development of the anther does not present any feature 
of special interest and as usual the microspore mother cells are surrounded 
by a bi-nucleate tapetum, an ephemeral middle layer and an endothecium. 
The arrangement of microspores is tetrahedral or rarely isobilateral. The 
pollen grains are three-nucleate at the time of shedding. The tube nucleus 
shows signs of degeneration quite early. Pollen grains have also been found 
to germinate inside the anther. 


2. The ovules are anatropous and have two integuments, each of 
which is two cells thick except the inner which is thicker at the top. 


3. The cells of the nucellar epidermis divide to form a nucellar cap. 
The mature embryo sac lies four to five cells deep. 


4. Usually the nucellus has a single hypodermal archesporial cell 
which divides to form the primary wall cell and the megaspore mother cell. 
Occasionally two or three megaspore mother cells are also present. 


5. The first and the second divisions of the megaspore mother cell are 
followed by wall formation and a T-shaped tetrad of megaspores is formed 
of which the chalazal functions. In some doubtful cases only three 
megaspores were seen. 


6. The mature embryo sac is eight-nucleate with the usual organisa- 
tion. The antipodal cells are very ephemeral. 


7. The endosperm nucleus divides prior to the division of the egg 
nucleus and undergoes several free nuclear divisions. 


8. The first division of the fertilised egg is transverse. A long 
suspensor is formed and the embryo is dicotyledonous. 


In the end I regard it my pleasant duty to express my sincere thanks 
to Dr. P. Maheshwari for his valuable suggestions and keen interest during 
the course of investigation. I am also indebted to my friend Mr. B. M. 
Johri for the help he rendered in several ways. 


=) 
De 
D 
G 
E 
I 
] 
| 
on 
BE 


ded 
um, 
The 
leus 
und 


of 


ap. 


cell 
ell. 


are 
1ed 
ree 


Sa- 


Ba 


Morphology of Mol\lugo Nudicaulis, Lamé. 277 


Dahigren, K. V. O. 


Do. 
D’Hubert, E. 
Guignard, L. 


Hagerup, O. 
Huber, J. A. 


Jénsson, B. 


Lewis, I. F. oe 


Maheshwari, P.  .. 


Mauritzon, Johan .. 


Schmid, W. 


Schnarf, K. ioe 


Schiirhoff, P. N. 


Woodcock, E. F. .. 


Do. 


LITERATURE CITED. 


“Zytologische und embryologische Studien iiber die 
Reihen Primulales und Plumbaginales.”” Kungl. 
Sevenska Vetensk. akad. Handl., 1916, 56, No. 4. 

“Uber das Vorkommen von Starke in den Embryosacken 
der Angiospermen.” Ber. Deutsch. Bot. Ges., 1927, 
45, 374-379. 

“Recherches sur le sac embryonnaire des _ plantes 
grasses.” Ann. Sci. Nat. Bot. sér., 1896, 8, 2, 
37-128. (Quoted in Dahlgren, 1927.) 

‘*Recherches sur le sac embryonnaire des phanérogames 
angiospermes.” Ann. Sci. Nat. Bot. 6, sér., 1882, 
13, 136-199. (Quoted in Schnarf, 1927.) 

‘On pollination in the extremely hot air at Timbuctu.”’ 
Dansk Bot. Arkiv, 1932, 8, 1-20. 

“Zur Morphologie von Mesembrianthemum.” Bot. 
Archiv herausg. von Mez, 1924, 5, 7-25. 

“Om embryosackens utveckling hos Angiospermerna. 
Lunds Univ. Arsskr., 1879, 16. (Quoted in Schiir- 
hoff, 1926.) 

““Notes on the development of Phytolacca decandra L.”’ 
John Hopkins Univ. Cire., 1905, 178, 35-43. 

‘Notes on Staining with Iron-alum Hematoxylin.”’ 
Jour. Ind. Bot. Soc., 1933, 12, 129-130. 

“Kin Beitrag zur Embryolog’e der Phytolaccaceen und 
Cactaceen.”” Bot. Not. Lund., 1934, 111-135. 

““Morphologische, anatomische und _ entwicklungs- 
geschichtliche Untersuchungen an Mesembrianthemum 
pseudotruncatellum Berger.” Beibl. 8 zur Viertel- 
jahrsztschr. naturf. Ges. Ziirich, 1925, 70. 

‘““Embryologie der Angiospermen.”’ Berlin, 1927. 

‘Die Zytologie der Bliitenpflanzen.” Stuttgart, 1926. 

“‘Observations on the morphology of the seed in Phyto- 
lacca.” Papers Michigan Acad. Sci. Arts Letts., 

1924, 4, 413-418. 

‘Morphological studies on the seed of Mesembrianthemum 
crystallinum L.” Papers Michigan Acad. Sci. Arts 

Letts., 1930, 13, 221-226. 


= 
and 
for 
and 
mes 
tum 
ef 
ng 


278 Hari Raman Bhargava 


EXPLANATION OF TEXT-FIGURES. 


TExT-Fia. 1.—Longitudinal section of the ovule with a two-nucleate embryo sac. x 396. 
Text-Fics. 2-10.—-Development of the embryo. 


Fig. 2. A two-celled embryo; Fig. 3. A three-celled embryo ; the nucleus of the 


central cell is dividing; Fig. 4. A filamentous. pro-embryo of five cells ; 


Figs. 5-8. Further stages in the development of the embryo; Fig. 9. Older 
embryo with two cotyledons just appearing; Figs. 2-9. x 527; Fig. 10. 
Embryo sac with a young embryo and the endosperm; the endosperm 
nuclei at the chalazal end have been closely aggregated in a dense mass of 
cytoplasm. xX 240. 


IXPLANATION OF FIGURES. 


PLATE XXXVIII. 
Fic. 11.—Longitudinal section of an anther-lobe showing the sporogenous tissue and 
primary parietal layer. x 800. 
Fic. 12.—-Same, older stage showing two wall layers. x 800. 


Fic. 13.—-Same, still older stage showing three wall layers ; the innermost is the tape- 
tum and surrounds the microspore mother cells. x 800. 


Fic. 14.—-Same, showing the binucleate tapetum, degenerated middle layer and micro- 
spore mother cells. x 800. 


Fig. 15.—Tetrahedral tetrad of microspores. x 800. 
Fic. 16.—Isobilateral tetrad of microspores. x 800. 
Fic. 17.—Pollen grain showing tube and generative cells. x 800. 


Fic. 18.—Mature pollen grain showing two spindle-shaped male nuclei and the tube 
nucleus. xX 800. 


Fic. 19.—-Longitudinal section of the nucellus showing the hypodermal archesporial 
cell. xX 800. 


Fic. 20.—Two sporogenous cells lying one above the other. x 800. 

Fic. 21.—A row of three sporogenous cells. x 800. 

Fic. 22.—Megaspore mother cell. x 800. 

Fic. 23.—Megaspore mother cell in metaphase of first reduction division. x 800. 
Fic. 24.—Megaspore mother cell divided into two daughter cells. x 800. 


Fic. 25.—Tetrad of megaspores; the upper two have degenerated and the chalazal 
has enlarged. xX 800. 


Fic. 26.—Two-nucleate embryo sac. x 800. 
Fic. 27.—Four-nucleate embryo sac. xX 800. 
Fic. 28.—Eight-nucleate embryo sac. xX 800. 


Fig. 29.—Older embryo sac showing the two polar nuclei in contact; the antipodals 
have degenerated. x 800. 
Fic. 30,--Mature embryo sac showing the spindle shaped fusion nucleus. x 800. 


Fic. 31.—Upper part of a mature embryo sac showing the fertilised egg and primary 
endosperm nucleus. The remains of the pollen tube with the degenerated 
tube nucleus are seen towards one side of the egg. x 800. 
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A NOTE ON THE EMBRYO SAC AND EMBRYO OF 
MORINGA OLEIFERA LAMK. 


By VISHWAMBHAR PURI, 
Department of Botany, Agra College, Agra. 


Received November 15, 19534. 
(Communicated by Dr. P. Maheshwari, D.Sc.) 


1. Introduction. 


THE development of the female gametophyte and the embryo of 
Moringa oleifera was worked out by Rutgers (1923). He found that the 
archesporial cell (in some cases more than one) is deep-seated and 
functions directly as the megaspore mother cell, without cutting off 
any parietal tissue. This enlarges and divides twice to form a T-shaped 
tetrad of megaspores of which the chalazal functions, and up to the 
four-nucleate stage the development of the embryo sac is quite normal. 
After this only one of the micropylar nuclei is said to divide again, 
so that the mature embryo sac is five-nucleate. Three of the nuclei 
enter into the formation of the egg-apparatus, the remaining two 
function as polars and the antipodals are entirely missing. 

The second important and striking statement made by Rutgers is 
that there are free nuclear divisions in the fertilised egg and _ wall- 
formation starts only after sixteen free nuclei have been formed. So 
far as I know this is the only Angiosperm alleged to have a free 
nuclear embryo. 

As these results have generally been regarded as doubtful by recent 
workers (Schnarf, 1927, p. 122) and the plant is available here in 
abundance, Dr. P. Maheshwari suggested to me that I should re-investigate 
its life-history. Since I have made a thorough study and my observations 
are,in many respects, fundamentally different from those of Rutgers, 
I have thought it worthwhile to publish them without delay in the 
form of a preliminary note. The full paper will appear later on. 


2. Megasporogenesis. 

There is a single hypodermal archesporial cell in the nucellus but 
often a group of two or three has been noticed (Fig. 1). This cuts off 
a primary wall cell which by further periclinal divisions forms three 
or four wall layers. Rutgers’ contention that ‘“‘parietal tissue is 
totally suppressed” is quite unfounded. 
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The megaspore mother cell after two normal divisions gives rise 
to a tetrad which may be either T-shaped* or linear (Figs. 4 and 5). 
There are two integuments of which the outer has three vascular bundles, 
one at each angle (Fig. 11). As mentioned by Kershaw (1909) the appearance 
of vascular tissue in the integuments recalls the condition seen in Gymno- 
sperms. I have recently learnt, however, that Kiihn (1928) has found this 
phenomenon to be of a wider occurrence in the Angiosperms also. 


3. The Embryo Sac. 


The nucleus of the functioning megaspore divides thrice in the 
usual manner to produce a normal eight-nucleate embryo sac (Figs. 6, 
7 and 8). In all the younger embryo sacs and in some cases even in 
the older ones I have always found three distinct antipodal cells, but 
they usually disappear at an advanced stage (Fig. 9). Rutgers’ statement 
that the embryo sac is only five-nucleate might have been based on 
observations of such embryo sacs. This is, however, quite incorrect, 
for originally all eight nuclei are present in the embryo sac. 


4. The Endosperm and Embryo. 


The oospore remains dormant for a long time and undergoes the 
first division only when the fruit has attained a length of about 4 inches. 
The endosperm nucleus divides much earlier and forms a mass of nuclei 
specially crowded at the micropylar end of the embryo sac. Some of 
these nuclei arrange themselves in such a form that the whole body appears 
to be a free-nucleate egg. However, a more careful study of serial sections 
showed that the fertilised egg is really situated just above this mass of 
nuclei (Fig. 10), though it is rather inconspicuous due to its small size. 

The first division of the egg is followed by a transverse wall as 
in other Angiosperms and the mature embryo is dicotyledonous. In 
some cases where one of the cotyledons is larger than the other it 
bifurcates to form a tri-cotyledonous embryo. 


5. Abnormalities. 


Connected with the embryo sac there have been noticed several 
abnormal features which are enumerated below :— 


1. In one case there were two nucelli enclosed within the same 
outer integument but having their separate inner ones (Fig. 12). 


2. Inseveral cases two embryo sacs were seen in the same ovule, 
but one is usually somewhat older than the other. 


* Rutgers found only T-shaped tetrads. 


. 
tl 
d 
v 
Pp 
t 
J 
: 


ral 


me 


ile, 


Embryo Sac and Embryo of Moringa Oleifera Lamk. 281 


3. Occasionally one or both the synergids may enlarge and assume 
the form of the egg, with the nucleus migrating down to the lower end. 


4. Inlater stages many irregularities are exhibited in connection 
with the total number of nuclei in the embryo sac. Several cases were 
observed where the egg-apparatus was composed of four cells. Many 
smaller bodies looking like small nuclei are often present within the 
egg and the synergids. Rutgers also figures these but makes no mention 
of them in the text. Johansen (1931 a) also met with several similar 
cases ‘‘ which defy all logical interpretation ”’ 


The number of polar nuclei is also variable. In several cases two 
distinct pairs of polars have been observed. In one case six nuclei 
were found in the middle of the embryo sac. I am not yet in a 
position to make any definite statement regarding the origin of these 
supernumerary nuclei, but two explanations are possible: (1) either 
they are vegetative nuclei which have by some method found their way 
into the cavity of the embryo sac; or (2) they are formed due to 
some irregularities in nuclear division. It is interesting to note that 
Johansen (1931 6) has recently reported a repeated amitotic division 
of the polar nucleus in Amogra pallida, resulting in as many as 140 
small nuclei in well-nourished embryo sacs. 


My heartfelt thanks are due to Dr. P. Maheshwari under whose 
guidance this work was done and to Prof. K. Schnarf of Vienna who 
kindly examined some of my preparations and confirmed my observations. 
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EXPLANATION OF FIGURES, 


Fig. 1.—A young nucellus with a pair of hypodermal archesporial cells. x 630, 
Fic. 2.—-Primary wall cell and megaspore mother cell. xX 630. 
Fic. 3.—-Megaspore mother cell enlarging. x 630. 


Fic. 4.—Nucellus with a linear tetrad of megaspores separated from the nucellar 
epidermis by three wall layers. x 650. 


Fie. 5.—-The same, with a T-shaped tetrad. x 630. 

Fic. 6.—Two-nucleate embryo sac. X 630. 

Fic. 7.—-Four-nucleate embryo sac. xX 790. 

Fic. 8.—Eight-nucleate mature embryo sac. xX 630. 

Fic. 9.—Same, older stage, the three antipodals have disappeared. xX 630. 

Fic. 10.—Fertilised egg with a portion of the pollen tube and a mass of endosperm 
nuclei at the micropylar end. xX 630. 

Fic. 11.—T. S. mature ovule showing three vascular bundles, one at each corner of 
the outer integument. x 630. 

Fic. 12.—T.S. ovule showing two nucelli enclosed within the same outer integument 
but having their separate inner integuments. x 96. 
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THE DEVELOPMENT OF THE MALE AND FEMALE 
GAMETOPHYTES IN CUSCUTA REFLEXA ROXB. 
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Received November 15, 1934. 
(Communicated by Dr. P. Maheshwari, D.sc.) 


1. Introduction. 

A stupy of the available literature shows that little morphological work has 
been done on the family Convolvulacee. Excepting a few original papers, 
the references on this family are more or less in the nature of incidental re- 
marks. Peters (1908) worked on Cuscuta and Convolvulus, in both of which the 
embryo sac is stated to develop in the normal way. Miss Macpherson (1921) 
who worked on Cuscuta gronovii and Convolvulus sepium, could not trace the 
earlier stages in the development of the female gametophyte; but she says 
that in both species the embryo sacs are eight-nucleate. The most recent 
work is that of Kenyan (1929) who states that in /pomea trifida there are 
many archesporial cells of which usually the innermost functions. A normal 
linear tetrad of megaspores is formed and the chalazal gives rise to the usual 
eight-nucleate embryo sac. 


2. Material and Methods. 


Some fixed material of Cuscuta reflexa and a few prepared slides were 
very kindly handed over to me in 1931 by Dr. P. Maheshwari. Later I fixed 
more material at Mussoorie in October 1932, and a month afterwards from 
Agra and Bharatpur. These collections were continued again in the following 
winter and about five hundred flowers were sectioned in all. 

Several fixatives (Formalin-acetic alcohol; Chromoacetic acid ; Nawas- 
chin’s fluid and Corrosive sublimate-formalin-acetic alcohol, both hot and 
cold) were tried, but Nawaschin’s fluid gave the best results. Sections were 
cut 4-15 microns thick and fixed to the slides with a dilute solution of ‘gloy’ 
and potassium dichromate. The slides were stained in Iron-alum hema- 
toxylin and differentiated in a saturated aqueous solution of picric acid in 
water. It was found difficult to get a good differentiation, because the 
cytoplasm lost the stain very rapidly, while the nuclear reticulum still 
remained deep black. The nucleoli, however, became pale yellow on destain- 
ing. A combination of crystal violet and erythrosin gave more satisfactory 


283 


284 B. M. Johri 


results. A few slides were stained in a two per cent. aqueous solution of 
crystal violet and differentiated in picric acid dissolved in different strengths 
of alcohols (Johansen, 1932). This also gave very encouraging results. 


3. Miucrosporogenesis. 


The early development of the anther does not present any special 
features of interest. With the appearance of the four lobes there differenti- 
ates a small group of hypodermal archesporial cells in each corner (Fig. 1). 
The primary parietal layer divides periclinally forming a sub-epidermal layer 
and the tapetum (Fig. 2). The former divides once again forming the 
endothecium and a distinct, though ephemeral, middle layer (I’ig. 3). I am 
surprised why Peters* (1908) could not observe the middle layer in the species 
of Cuscuta he investigated. 

The microspore mother cells have very large nuclei and are full of dense 
cytoplasm and, in later stages, offer a sharp contrast with the tapetal cells 
which have very large vacuoles and only a small amount of cytoplasm lying 
adjacent to the cell walls (Fig. 4). When the mother cells are in synizesis, 
some of the tapetal cells become bi-nucleate and their walls begin to dis- 
organise. By the time the microspores are formed, the walls of the tapetal 


cells are no longer visible, but their nuclei still take an intense black stain 
with hematoxylin. 


Fig. 5 shows the metaphase of the first reduction division which is very 
quickly followed by the second (Fig. 6). Walls are laid down simultaneously 
and cytokinesis occurs by furrowingt (Figs. 6 and 7). Usually the arrange- 
ment of microspores is tetrahedral (Fig. 8), but sometimes it may also be 
isobilateral (Fig. 9). The walls of the mother cell become mucilaginous and 
the microspores soon become free. 


4. Male Gametophyte. 


The usual intine and exine become differentiated after the microspores 
have rounded up (Figs. 10 and 11). The nucleus of the microspore divides 
(Fig. 12) to form the tube and the generative nuclei, which are originally 
separated by an ephemeral membrane (Fig. 13), but due to its early dis- 
organisation they soon lie free in the pollen grain. The generative nucleus 
always takes a deeper stain and the cytoplasm immediately surrounding it 
may sometimes be less dense than the cytoplasm of the rest of the pollen 
grain (Fig. 14). In only one case I came across a pollen grain in which the 
generative nucleus was in a process of fragmentation into two nuclei (Fig. 15). 


* See Schnarf (1927, p. 3). 
+ Yamaha (1927, p. 145) has noticed the same in Quamoclit, 


; 
. 
at 
7 
= 


ores 
rides 
ally 
dis- 
leus 
g it 
len 
the 
15). 


Development of Gametophytes in Cuscuta Reflexa Rovd. 285 


The mature pollen grains are 26 microns in diameter and have a well- 
differentiated intine and exine, which are appreciably thick. Beer (1911) has 
also reported two-nucleate pollen grains in [pom@a purpurea. When the 
anthers are ready to dehisce, the epidermis, the middle layer and the tapetum 
have all degenerated and the endothecium has developed the usual fibrous 
thickenings. 

5. The Ovule. 


There are two ovules in each cell of the bilocular ovary. ‘The extent of 
the curvature of the ovules at different stages is shown by Figs. 16, 20, 22 
and 24. There is only a single integument as is usual in the Svmpetale. It 
makes its appearance as a ring-like outgrowth below the nucellus, and grows 
so closely appressed to it that in oblique sections it can easily be mistaken 
for the nucellus. The statement made by Miss Macpherson (1921, p. 393) 
that ‘the cells of the nucellus are rich in starch, and those immediately 
surrounding the embryo sac show indications of rapid disintegration, 
accompanying the enlargement of the sac,’ must be taken with 
caution, for as Dahlgren (1927, p. 396) has remarked, the cells she 
mentions, might very probably be the cells of the integument and not of 
the nucellus. 


6. Megasporogenesis and Female Gametophvyte. 


There is a single hypodermal archesporial cell which functions 
directly as the megaspore mother cell without cutting off any wall 
cell (Fig. 16). Peters in 1908 reported the presence of wall cells in 
Cuscuta europea and Convolvulus sepium. In his Fig. 8 of Cuscuta europea 
he shows a dyad with two wall cells and a many-celled nucellus. In 
some of his other figures, however, there is no trace of the wall cells 
and the nucellus is very small. Obviously, as pointed out by Dahlgren 
(1927, p. 394) his Fig. 8 is drawn from an oblique section, and therefore 
he could not differentiate the nucellus from the integument. In a later 
communication Asplund (1920, p. 28, fdéot-note) reported the presence 
of wall cells in Cuscuta lupuliformis. Svenson (1925) has expressed 
that in his opinion the parietal cells described in Cuscuta and Convolvulus 
by Peters and Asplund are probably epidermal derivatives and have 
nothing to do with real wall cells. Dahlgren (1927, pp. 391-396), who 
has discussed the whole question in detail, regards the statements of 
Peters and Asplund as unsatisfactory. In his own sections of Cuscuta 
lupuliformis, he finds no trace of wall cells. To decide this point 
conclusively, I cut a large amount of material and I am perfectly 
convinced about the total absence of wall cells in Cuscuta reflexa. 
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That wall cells may, however, be present in other plants of this family, 
is quite possible. Thus in his Figs. 4, 6 and 10 Kenyan (1929) shows a 
distinct layer of cells between the epidermis and the inegaspore mother cell 
in Ipomeea trifida. Also, in Convolvulus arvensis (Mathur, 1934) there is a 
clear evidence of the cutting off of a primary parietal cell, which soon 
divides anticlinally into two cells. In the light of this investigation it 
seems that Peters may have been correct in his interpretation as regards the 
presence of a wall cell in Convolvulus arvensis but his diagrams do not bring 
out this point clearly in every case. 

During the time the megaspore mother cell is enlarging, the integument 
continues to grow above so that the nucellus becomes sunken. In some 
cases I have seen two megaspore mother cells lying side by side in the 
nucellus, but it is likely that one soon becomes suppressed by the other. I 
am inclined to be rather sceptical about the presence of a group of arches- 
porial cells as mentioned by Kenyan (1929) in Ipomeea trifida. His Figs. 1 
and 2 which are meant to illustrate this point are really drawn from very 
young nucelli, in which all the cells presumably looked alike. 


Of the two cells resulting from the first reduction division, the upper 
soon degenerates (Fig. 17). The lower divides without wall-formation to 
produce the embryo sac. In spite of a careful examination of several slides 
I could not find a single tetrad of megaspores and all evidence points to the 
fact that the development of the female gametophyte is of the “Scilla type”. 
Fig. 18 shows the two nuclei formed from the division of the lower dyad 
cell without any trace of a wall between the two nuclei. Fig. 19 shows an 
older stage where the two nuclei lie separated from each other by means of 
a vacuole in the centre. These, as usual, divide to give rise to the four- 
nucleate stage (Fig. 21). Fig. 23 shows an eight-nucleate embryo sac, with 
a normal egg-apparatus, three antipodal cells and the two polar nuclei lying 
in the centre. At this stage there is a considerable increase in the size of 
the embryo sac. Fig. 25 shows another eight-nucleate embryo sac in which 
the antipodal cells are showing signs of degeneration. The synergids are 
rather peculiar in not having any vacuole at the broad basal part which 
is produced downwards into the embryo sac. Their nuclei are very large, 
sometimes as big as that of the egg itself or even bigger. The protoplasm 
of the egg becomes prominently vacuolate. The polar nuclei meet in the 
centre of the embryo sac, but their fusion is delayed, perhaps till the arrival 
and discharge of the pollen tube. The antipodal cells are very ephemeral 
and cannot be detected when the embryo sac is well advanced (Fig. 26). 

This paper deals only with the gametophytes, but a second paper 
dealing with fertilisation, endosperm and embryo will soon follow. 
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7. Summary. 


1. The anther has a group of microspore mother cells surrounded by a 
tapetum, a single ephemeral middle layer and an endothecium. The tapetal 
cells become binucleate, when the mother cells are in synizesis. 

2. The mother cells undergo two simultaneous divisions. Quadripar- 
tition of the cells is brought about by furrowing and the microspores are 
arranged tetrahedrally. 

3. The microspore nucleus divides to form the tube and generative 
nuclei which are at first separated by an ephemeral cell membrane; but 
this soon dissolves leaving the two nuclei free in the cytoplasm. In one case 
the generative nucleus was observed in a stage of fragmentation. 

4, The ovule is anatropous. The nucellus is thin and is invested by a 
single massive integument. 

5. Usually there is a single hypodermal archesporial cell which func- 
tions directly as the megaspore mother cell. Occasionally two such cells 
are present in the same nucellus. 

6. Of the two daughter cells produced from the megaspore mother cell 
the upper degenerates and the lower produces an eight-nucleate embryo sac 
after undergoing three divisions. 

7. The synergids are large and richly filled with protoplasm. The egg 
protrudes below the synergids. Fusion of the polar nuclei is delayed till the 
entrance of the pollen tube. The antipodal cells are very ephemeral. 

I am greatly indebted to Dr. P. Maheshwari for his help and guidance 
throughout this work. I am also thankful to Prof. K. C. Mehta, Mr. B. L. 
Gupta and Mr. H. R. Bhargava for the encouragement they gave me in 
several ways. 
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* T have not been able to see this paper myself. 


EXPLANATION OF FIGURES, 
Fic, 1.—T.S. of young anther. 325. 


Fie, 2.—-T.S. part of an anther lobe showing the microspore mother cells surrounded 


by the primary parietal layer, The cells of this layer are also undergoing 
periclinal divisions. x375. 


Fie. 3.—-Same, later stage. X375. 

Fic. 4.—-Same, showing the microspore mother cells surrounded by a tapetum, the 
middle layer, which is degenerating, and the endothecium. 375, 

Fie. 5.—Microspore mother cell in metaphase. X1750. 

Fic. 6.—Same, telophase of second reduction division. 750. 

Fic. 7.—Tetrad of microspores in which the wall is being laid down. x750. 

Fia. 8.—-Same, older stage. 750. 

Fic. 9.—Isobilateral tetrad of microspores. 750. 

Fic. 10.—Uni-nucleate microspore. 

Fic. 11.—Same, older stage. 750. 

Fia. 12.—Division of microspore nucleus. 750. 

Fia, 13.—-Tube and generative nuclei separated by an ephemeral cell membrane. 750. 

Fig. 14.—Older stage of above in which the cell membrane has disappeared. 750. 

Fic. 15.—The generative nucleus is undergoing fragmentation. 750. 


Fic. 16.—-A megaspore mother cell. 375. The smaller diagram which is inset, 
shows the ovule from which this was sketched. x75. 


Fic. 17.—The two daughter cells formed after the division of the megaspore mother 
cell; the outer has begun to degenerate. 375. 


Fia. 18.—-The nucleus of the lower daughter cell has divided to form a two-nucleate 
embryo sac. X375. 


Fic. 19.—Two-nucleate embryo sac showing the upper degenerated cell of the dyad 
like a cap. %X375. 


Fic. 20,—Diagram of ovule from which embryo sac shown in Fig. 19 has been drawn, X75. 
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. 21.—-Four-nucleate embryo sac. 

_ 22.—-L. S. ovule with a four-nucleate embryo sac. X75. 

. 23.—Eight-nucleate embryo sac. 

. 24.—L. S. ovule from which Fig. 23 is drawn. X75. 

. 25.—Kight-nucleate embryo sac in which the antipodal cells are degenerating. x375. 
. 26,—The same, more advanced stage, when there is no trace of the antipodals, x 375, 
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WITH A SUGGESTION AS TO THE 
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Received November 20, 1934. 
(Communicated by Prof, R. Gopala Aiyar, M.A., M.Sc.) 


7. Introduction. 


THE discovery of fatty and albuminous yolk arising in relation with the 
Golgi apparatus in Clibanarius! together with the occurrence of a seasonal 
variation in the cytoplasmic inclusions led the author to suggest that these 
may explain the diversity of results obtained by various workers on the 
cytoplasmic phenomena during oogenesis. The cause of the disagreement 
as to the function of the Golgi bodies appears to be enhanced by the lack of 
aclear definition of the term ‘fatty yolk’; for under this term seem to be 
included two different inclusions, namely, fat and fatty yolk. The behaviour 
of the Golgi grains after fertilisation in Acentrogobius neilli (Gobius neilli. 
Day)? suggested that fat, fatty yolk, or volk formation is but one of the 
functions of the Golgi as soon after, its activities may be directed in an 
entirely different direction. 


Cytologists like Bowen (1922, 1924, 1926a, b, c,d) and Nassonov (1923, 
1924a, b) who tried to elucidate the function of the Golgi apparatus seem 
apparently to have paid scant consideration to its possible general 
function in all cells and the views of the few like Gatenby (1919, 1921), 
Iudford (1922, 1925) and Brambell (1923) who attempted an explanation, 
have not been given the attention they deserve. Oogenesis workers 
of all schools of thought have failed to consider the general function 
of Golgi bodies in all cells even though they have seen these elements 
in eggs where apparently no deutoplasmic bodies occur. If these bodies 
can have a particular function in specialised cells, it is only reasonable to 


1** Qogenesis of Clibanarius olivaceus (Henderson) with special reference to a 
seasonal variation in the various cytoplasmic inclusions.’’ A note was published in 
Curr, Sci., December 1933. Paper in course of publication. 

““Cytoplasmic Inclusions in Acentrogobius neilli (Gobius neilli. Day).’’ Curr. Sci., 
December 1933. Paper in course of publication. 

2 « Effect of Fertilisation on the Golgi bodies in Acentrogobius neilli (Gobius neilli. 
Day).”” Unpublished. 
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expect that they should have some function in non-specialised cells also, 
The author finds no justification to consider oogenesis as a special pheno- 
menon in any way different from secretion or spermatogenesis. 


An attempt has been made in this paper to evaluate the various 
theories and a suggestion is made as to the function of the Golgi apparatus, 


2. Material and Methods. 


Salmacis bicolor is a very common form occurring in the Madras 
harbour. Fully mature specimens are available throughout the year and 
fixations were carried out immediately the animals were brought to the 
laboratory. The standard techniques like Champy-Kull, Flemming without 
acetic, Da Fano, Nassonov, Mann Kopsch, Bouin and Corrosive acetic were 
employed and in addition fresh eggs were treated with 2% Osmic acid and 
solutions of Neutral Red and Janus Green B. Sudan III and Scharlach R 
tests were also employed with or without previous fixation in formalin. 
The eggs of Salmacis were not very suitable for the study of fresh eggs 
intra-vitam. The stains generally used were Acid Fuchsin, Aurantia, 
Thionin, Toluidin Blue, Mann’s Methyl Blue Eosin, Iron Alum Hematoxylin, 
Orange G. and Pyronin Methyl Green. 


3. Previous Work. 


The behaviour of the cytoplasmic inclusions during oogenesis in 
Echinoderms has been studied by Hibbard (1922) and Harvey (1931) and 
a cytological and biochemical study of the ovaries of Echinometra 
lucunter by Gardiner, Smith and Tennent (1931). 

The conclusions of Hibbard are the following :— 


(1) Fat drops occur in the unfertilised egg. These drops are 
emulsified and the fine droplets of fat thus formed gradually become 
used up or transformed during the early cleavage stages. 


(2) Small spherical mitochondria are found scattered throughout 
the cytoplasm and there is evidence to show that they are the direct 
products of the fine fat droplets. 

(3) The cytoplasm is packed with plates of nutritive material 
which have some fatty component in their make up. They are probably 
yolk. They are in some cases closely associated with the mitochondria 
and it is probable that they are instrumental in their synthesis. The 
plates become gradually fewer in number and in the blastula the cytoplasm 
is quite spongy and full of vacuoles once occupied by the plates. 

As some of the conclusions are contrary to what has been observed 
by other workers it would be worth while to consider the results of 
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Hibbard in a critical manner. The author does not seem to have 
succeeded in the Golgi techniques but at the same time does not 
make any allowance in the conclusions about the possible errors that 
may creep in due to such a defect. 


The continued splitting of the large fat drops into minute droplets 
and the dispersal of the latter through the cytoplasm is illustrated by 
the author in Figs. 2and 3. As Figs. 2 and 3 are those of eggs 25 
minutes and 1 hour and 40 minutes after insemination the splitting 
of the large drops into minute droplets continues or is taking place 
even after fertilisation. Hibbard further observed a decrease in the 
amount of the blackened material during cleavage and. final disappearance 
in the two-celled stage. This is taken as an indication of a change 
occurring. She has not specified the type of change and as in the 
summary it is mentioned that the fine droplets of fat either gradually 
become used up or transformed in the early cleavage stages we have 
only to surmise that the change is one of transformation into mitochondria. 
The argument in favour of such a change is that there is a continuous 
variation in colour from the small fat droplets which are brown after 
osmic impregnation, through similar granules which are less and less brown 
to pink granules. The figure which is supposed to represent such a 
stage is that of an unfertilised egg. The description of splitting is 
after fertilisation but the formation of mitochondria is described in 
an unfertilised egg. If actually we have to accept the change postulated, 
the formation of mitochondria has to be taken as occurring even after 
fertilisation. This, taken together with the transformation of the 
mitochondria into yolk which is stated to take place after fertilisation, 
gives one the impression of a peculiar phenomenon happening in 
Echinarchnius parma. ¥rom what is already known about these inclusions 
(Gatenby, 1919) it is inconceivable that such a double change of fat into 
mitochondria and mitochondria into yolk could take place after 
fertilisation. Regarding the change of fat into mitochondria there is 
also the objection that the ‘less and less brown’ granules which she 
identifies with intermediate stages between fat and mitochondria may be 
the Golgi. Whether all these changes occur after fertilisation is a 
doubtful point and hence much reliance cannot be placed on the conclusions 
of the author. 


Turning now to Gardiner, Smith and Tennent’s paper (i931) we find 
certain sweeping statements unsupported by actual results. A complete 
criticism being out of place it would be well to point out a few 
discrepancies. One of the most important conclusions is that the Golgi 
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bodies are nothing but fatty acid crystals. They state that in a 
concentrated ethereal solution of mixed fatty acids, crystals of needle- 
like form were abundant (p. 25). A droplet of this solution on being 
shaken in a test tube of water resulted in an emulsion. These crystals, 
according to them, are also hygroscopic. Nowhere have these authors 
figured or described Golgi batonettes in Echinometra oocytes and yet 
they state, ‘‘ These results suggest that the Golgi batonettes may be 
fatty acid crystals having separated out of solution of fatty acids or 
a mixture of neutral fats and fatty acids.’’ Though they themselves 
declare in a later part of the paper that few, if any, of these substances 
are present in the pure form in the tissues they are ready to suggest 
that the Golgi batonettes may be fatty acid crystals forgetting for 
the moment that fatty acids do not occur in ethereal solutions in eggs ! 
Further, even if fatty acids occur as crystals there is every probability 
of their forming an emulsion with the sea water in view of the free 
interchange between the body fluids and the surrounding medium in 
marine animals—a fact which these authors have overlooked. If they 
had suggested fatty acids as one of the probable components of Golgi 
material it may have been acceptable. 


Harvey (1931) describes yolk droplets arising under the influence 
of the Golgi apparatus: ‘‘On the concave sides of the scales, and 
inside the cups formed by two or more scales, appear minute granules, 
colourless in the living, pale green or brown after Bensley-Cowdry, black 
after iron hematoxylin. They enlarge to a certain extent sfill in 
association with the Golgi bodies, and finally migrate away from them 
and form little clumps of upto 20 or 30 granules in the peripheral 
cytoplasm of the egg’’* (p. 423). The developing yolk droplets sever 
their connection with the Golgi when they are a third in size of the fully 
formed yolk spherules. Further enlargement according to Harvey is 
by accretion. After all this he states, ‘‘It will be noticed that there 
is an extraordinary resemblance to some of the figures published of 
secretion production in various gland cells, the most striking difference 
being that in no case do the yolk spherules ever appear in contact with 
the scales, whereas the secretion droplets often arise closely applied on 
the strands of the Golgi network in gland cells.’”’** A perusal of Bowen's 
paper (1926 d) reveals that not in all cases have the intimate relation 
between the Golgi and the secretory product been well demonstrated. 
There also seems no justification for the statement that there is a striking 


* Italics mine. 
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difference between what is actually seen in secretory cells and what 
Harvey describes and figures. Even the severance of connection between 
the Golgi and yolk is not against a comparison with what is occurring 
in secretory cells, since in the developing spermatid the acrosome is 
capable of remarkable changes subsequent to its separation from the 
Golgi apparatus. 

4. The Ovary. 

The walls of the ovarian tubules are composed of three layers (Figs. 5 
and 6) : (a) an outer layer of coelomic epithelium (coel. ep.) which gets torn up 
when the tubules are packed with ripe ova; (b) a middle layer of muscles 
(mus. 1.) and connective tissue ; and (c) an inner layer of germinal cells which 
gives rise to oocytes as well as albuminous and lipoidal nutritive spheres. 
The germinal layer cells are irregular and oocytes of different stages of 
growth are found side by side. Only oocytes more than 70y in size lie loose 
in the cavity of the ovarian tubule. 

5. The Golgi Apparatus. 


Hibbard (1922) remarks that the silver nitrate techniques were a 
failure in Echinarchnius parma and Harvey (1931) also records a similar 
experience. In Salmacis, a modified form of Da Fano, gave very 
confirmatory results, these being checked by the Mann-Kopsch Altmann 
method. Harvey’s papers on Lumbricus (1925 and 1931) seem to show that 
the Da Fano technique often distorts the Golgi and that there is a possibility 
of difference in appearance between fixed and living Golgi. The author’s 
experience with this technique has been entirely different. The Golgi grains, 
scarcely distinguishable in the fresh oogonia of Salmacis, become clearly 
visible after osmication for six hours. In Dasychone, the elements have 
been observed to have the batonette form in fresh eggs as well as in Da 
Fano material. 

The eggs of Salmacis are very small and very young oocytes were 
visible only after 2000 magnification. Treatment of such early oocytes 
with 2% osmic acid proved a failure and hence reliance had to be placed on 
fixed material. In the early oocytes where the Golgi apparatus has been 
noticed to occur as an irregular mass (Fig. 1; g.a.) the nucleus occupies 
almost two-thirds of the cell. With the growth in size of the cell the main 
mass (Fig. 2; g.a.) begins to cut off small pieces, the mass itself disintegrating 
into granules only after the first-formed elements (g.g.) have begun to 
migrate to other parts of the cytoplasm. No particular arrangement of 
these grains has been observed for they appear irregularly scattered 
throughout the cytoplasm (Fig. 3; g.g.). Concurrent with this process there is 
also an increase in the area of the cytoplasm (Figs. 2 and 3) and during this 
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period the Golgi become scattered uniformly. This stage is soon followed by 
a migration of all the bodies towards the nuclear membrane. When this 
process is progressing the Golgi begin to divide into finer grains which closely 


Fies. 1,2 & 3. 
1. Youngest oocyte showing the Golgi 
apparatus. Da Fano. xX 3,000. 


2. Breaking up of the Golgi apparatus. Fig. 4, 
Mann-Kopsch Altmann. xX 3,000. Figure showing the Golgi 

3. Spreading of the divided Golgi ele- elements forming a circum- 
ments prior to the formation of a concen- nuclear concentration. Da 
tration round the nucleus, Da Fano. Alum Fano. x 1,500. 


Carmine. xX 3,000. 


embrace the nuclear membrane and form a concentration (Fig. 4; g.c.n.c.). 
The complex phase does not last long and the granules once again begin to 
scatter throughout the cytoplasm. The division of the grains begun 
earlier seems to continue but a few of the bodies persist as such. ‘These 
big grains migrate to the periphery and become arranged as shown in Fig. 11 
(p.g.g.). A similar migration of Golgi has been observed by the author in 
Acentrogobius neilli where they were seen along with the grains formed by 
the breaking up of the rims of fatty yolk vacuoles to be the agents respons- 
ible for the transformation of the zona radiata into a mucilaginous envelope. 
In Salmacis no formation of such a structure has been noticed, and it is 
believed that the bigger grains may be instrumental in giving rise to the 
fertilisation membrane which, according to Mortensen, is lipoidal in compo- 
sition. Just before the commencement of yolk formation the Golgi, though 
scattered, appear in well-marked patches among the mitochondria. 
6. The Nutritive Bodies. 

In a previous paper* the author has traced out the cytological 
changes during the transformation of a cell of the germinal layer into a 
nutritive body. These spheres have also been found to be of two types, 
lipoidal and albuminous, and they lie scattered throughout the ovarian 
tubule. Their attachment to the oocytes is haphazard for some of the 


*“ A Cytological Study of the Structure and Formation of Nutritive Bodies 
in Salmacis bicolor.”” (In course of publication.) 
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growing oocytes have only lipoidal while others have only albuminous 
nutritive spheres attached to them. A considerable number of the oocytes 
have no nutritive bodies attached throughout their development. Curiously 
enough some germ cells transforming into albuminous type of deutoplasmic 
spheres have other spheres, lipoidal as well as albuminous in close 
association. 


The stage at which the nutritive bodies are absorbed seems also to 
vary. The spheres appear to persist for a considerable period in some 
oocytes while in others they seem to be absorbed immediately. In both the 
types of bodies, it is degeneration of the Golgi rim (Fig. 9; g.r.) that 
precedes the absorption of the material in the spheres. This is not uniform, 
for batonettes are left sticking (Fig. 8; g.b.) to the sides of the bodies owing 
to the degeneration of the intermediate portions. The actual process of 
absorption is shown in Figs. 8 and 9. 
Tennent, Gardiner and Smith consider 
the absorption of the nutritive bodies 
as similar to digestion. If such is the 
case, we have to expect the digestion 
to be well marked in the area near the 
place of attachment to the oocyte. 
The author’s observation in Salmacis 
is otherwise. Absorption has been 
observed to begin at a place farthest 

Fias. 8 & 9. situated from the place of attachment 

Stages in the absorption of the nutritive to the oocyte. In addition, there 
= ape ve appears to be no striking difference 
Sann-Kopsen Altmann, between the degeneration of a nutritive 
9. Da Fano. Alum Carmine. x 1,200. body in the ovarian tubule out of 
contact with any oocyte, to that of one in close association with a 
growing egg. The fact that in nutritive bodies the Golgi rim exists 
without a nucleus leads to the question, can a Golgi body remain as 
such without the aid of a nucleus? Brambell (1925) notes in the case 
of the oviducal glands of the Fowl that the extruded Golgi retain their 
form even outside the cell and Bowen (1926d) remarks that logically it 
follows that if a piece of non-nucleated cytoplasm can persist for a short 
time the Golgi which form the living inclusion in the cytoplasm has 
necessarily to live even after it has been separated from the nucleus. The 
only difference according to him is that whereas a non-nucleated piece 
dies after a short time, the nucleated piece regenerates because it contains 
the nucleus. Judging by this standard in the nutritive bodies also the 
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Golgi may persist till they are absorbed into the cytoplasm of the oocyte or 
degenerate in the ovarian tubule. Just like a piece of non-nucleated 
cytoplasm the nutritive body persists only fora short time. The author's 
belief is that the process of solution of the nutritive body is started by the 
Golgi rim, for till a late stage of absorption of the nutritive bodies, bato- 
nettes could be seen sticking to the unabsorbed portions of the nutritive 
spheres. But this is only a suggestion which explains the beginning of the 
process of solution and it is hoped that further work, which is being done in 
this direction, will throw light on this problem. 


7. The Nucleolus. 


The nucleolus occurs in the youngest oocytes (Fig. 5; mw.) as a lightly 
staining body occupying the centre of the nucleus. It is darkened by osmic 
fixatives and is not well stained by alum carmine after Da Fano. In 
corrosive acetic followed by Mann’s Methyl Blue Eosin, it is light pink. In 
the earliest oocyte observed the nucleolus measured 0-55 w and the nucleus 
1-1y. In the very early stages the growth of the nucleolus keeps pace with 
that of the nucleus as the appended table will show. 


Nucleus Nucleolus 
1°65 0:55 p 
1-65 0°55 
2-2 1-1 
2°75 1°65 
3°3 1:65 
3°85 1-65 
4-1 1-85 
4°4 2-2 Period of Extrusion. 
4-95 2-2 
6:6 
2°2 
9-9 2-2 
12-8 3°2 
13-2 4-4 
16-3 5-5 
19-8 6-6 
23-1 6°6 Period of Extrusion. 
26°4° 6°6 
27-5 
} Final Extrusion. 
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When the nucleolus attains a size of 1-65 » extrusion may be said to 
begin. In many oocytes extrusion occurs at this stage and may persist till 
the nucleolus measures 2-2 ». Now, its growth instead of being proportional 
to that of the nucleus is comparatively negligible. If it is not extruded 
at this stage it enters another phase of slow growth and when it measures 
6-6 » extrusion may be said to take place as evidenced by the presence 
of extruded nucleoli in many oocytes. If, however, it is not thrown out 
now, it grows to a maximum size of 13-2 u apparently remaining station- 
ary until the nuclear membrane breaks down letting it out. 


An attempt has been made to study the cause of the occurrence of the 
three periods of extrusion. One of the factors which seems to delay the 
process of extrusion is probably the attachment of the nutritive bodies to 
the oocytes. Early attachment of nutritive bodies retards the extrusion, 
but in a few even after such an attachment extrusion was observed. But 
these were in Champy and F. w. a. slides. Hence when next attention was 
focussed on the composition of the nutritive bodies the primary cause for 
the postponement of extrusion appeared to be the attachment of albuminous 
nutritive spheres. As has been noted in an earlier paper in material fixed 
in corrosive acetic, the albuminous spheres are well preserved while the 
lipoidal ones are distorted. An intensive study of corrosive acetic prepara- 
tions revealed the fact that where extrusion takes place in early stages no 
albuminous nutritive bodies were found in relation with such oocytes. 
Thus nutritive bodies and the nucleolus seem to share among themselves the 
function of supplying the oocyte with raw materials for the growth of the 
mitochondria in the first place and formation of yolk next. 


Another interesting phenomenon was observed. In nucleoli in corrosive 
acetic slides, measuring more than 4-4, less deeply staining vacuoles 
were found arising. The vacuoles were generally found in the centre and 
they never exhibited any basophil reaction. The number of such vacuoles 
also varied. In some nucleoli there was one large vacuole while in others 
there were as many asfour small ones. No explanation for this phenomenon 
could be offered with the material at present available, but it appears 
possible that this may have something to do with the attachment of the 
nutritive bodies and a slow diffusion of material from the nucleolus into the 
cytoplasm. 

The mode of extrusion is by the rupture of the nuclear membrane. 
The coelomic fluid of Salmacis has a pH near that of sea water. As in marine 
animals there is a free exchange between body fluids and the surrounding 
medium. Hence the coelomic fluid was employed instead of normal saline 
for the study of fresh oocytes. In many, extruded nucleoli were found just 
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outside the nuclear membrane and experiments followed by fixation in 
corrosive acetic such as (1) raising the pH to 9-4 by addition of Na,COs, 
(2) lowering the pH to 6 by the addition of dilute HCl, (3) increasing the 
salinity to 40, and (4) finally reducing the salinity to that of normal saline 
only confirmed the belief that in Salmacis the extrusion is a real phenome- 
non. Neither did these experiments suggest that the vacuoles inside the 
nucleolus were artefacts due to the action of the fixatives. 

The nucleolus once extruded into the cytoplasm (Fig. 12; nw.) dissolves 
quickly near the nuclear membrane. 


8. Mitochondria. 


The mitochondria occur as a few grains scattered in the cytoplasm 
(Fig. 5; m.). The cell at this stage measures 9-9-13-2y. These grains 


Fic. 5. 


Youngest oocyte attached 
to the wall of the ovarian 
tubule. Flemming without 
acetic. X 2,000. 


Fia. 7. 


The mitochondria just before 
they fill up the cytoplasm of the 
growing oocyte. Champy. Iron 
Hem. xX 1,200. 


6. 


Illustrates the mitochondrial con- 
centration round the nucleus. Flem- 
ming without acetic. Iron Hema- 
toxylin. x 2,000. 

divide and give rise to a number of mito- 
chondrial granules. Unlike the Golgi at 
the same stage, the mitochondria begin 
to migrate towards the nucleus (Fig. 6; m.) 
instead of being distributed throughout the 
cytoplasm, and form a concentration round 
it. Fig. 6 (m.) will show that even when 
a concentration is formed by the mito- 
chondria granules, the middle area of the 
cytoplasm contains scattered mitochondria. 
Such a condition persists for some time 
and this is followed by a stage of spreading 
and division which occurs simultaneously 
with that of the Golgi (Fig. 7; m.). During 
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the process of spreading well-marked concentrations are seen proceeding from 


the circum-nuclear concentration to portions of cytoplasm farthest situated 
from the nucleus. Once the process begins, the spreading throughout the 
cytoplasm is completed quickly. The mitochondria from the commence- 
ment of the migration begin to grow in size. The materials brought by the 
nucleolus or by the absorption of the nutritive bodies are evidently utilised 
in this process since either absorption or extrusion is usually well marked ~ 
during this period. Growth continues till the mitochondria occupy the 
whole area of the cytoplasm. 


9. Yolk Formation. 


Yolk formation begins when the oocyte measures 75-9-—85-6u. The 
mitochondria which are in the process of spreading come into relation with 
the Golgi bodies (Figs. 10, 11 and 12; y.s.) which are also in a similar stage 


Fie. 

Beginning of yolk formation. The Portion of a fully grown oocyte showing 
enlarged peripherally lying Golgi bodies the yolk spherules with their attached 
could also be seen. Da Fano. Alum Golgi bodies. Da Fano. Alum Carmine. 
Carmine. x 2,000. x 3,000. 


at this time. Each mitochondrium seems to be plastered over with 2—5 
Golgi bodies (Fig. 14; m. and g.g.). The Golgi bodies are numerous and not 
all of them have been observed at the final stage in relation with all the 
mitochondria (Fig. 11; g.g.) for in the oogonium, in addition to yolk, free 
mitochondria and free Golgi have been observed (Fig. 13 ; m.). Yolk is formed 
by the transformation of material in the mitochondria and probable addition 
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Fia. 12. 
A growing oocyte showing trans- 
formation of mitochondria into yolk. Fig. 13. 
The nucleolus is also seen in the A fully grown oocyte showing the yolk 
process of being extruded, Nas. spherules and the mitochondria. Champy 
sonov. IronHem. x 800. Kull. x 3,000. 


of other material derived from the nucleolus and the nutritive bodies. By 
the time the Golgi come into relation with the mitochondria the growth of 
the latter seems to have come to an end. 
Transformation of mitochondria into yolk 
is not followed by an increase in size. The 
reduction in size due to shrinkage during 
transformation cannot be observed, as 
evidently there is a simultaneous addition 
of albuminous material condensed by the 
Fic. 14. Golgi. 


A diagrammatic representation The formation of yolk begins near the 
of the attachment of the Golgi 


bodies to a mitochondrium prior to periphery and seems to proceed inwards 
its transformation into a yolk (Figs. 10 and 12; y.s.). The mitochondria 
spherule. Reconstructed from ma- which stain blue after Champy and Flem- 
torial fized by the various tech- ming without acetic begin to take Orange 
niques. 

G from the commencement of their trans- 
formation. In Mann-Kopsch and Nassonov slides yolk is but slightly 
fuchsinophile. In Da Fano, where the mitochondria are distorted, 
the yolk spherules are well preserved and stain light brown. In 
corrosive acetic preparations the discs were preserved and took on eosin 
readily, whereas the mitochondria were distorted beyond recognition. 
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10. Discussion. 


1. Theories regarding the function of Golgi bodies —Cowdry (1924) 
summarising the function of Golgi bodies comes to the conclusion that 
“Its activities may be bent in one direction in spermatogenesis and along 
entirely different lines in cells specialised to perform other duties.” 
MacBride and Hewer (1931) observe ‘“‘ From data such as these has grown up 
the general theory of the function of the Golgi apparatus.”” Nassonov first 
put it forward, but Bowen has been instrumental in obtaining its general 
acceptance, in these terms :—The Golgi apparatus is a centre of synthetic 
processes. It is engaged primarily in the production of secretory granules. 
These may be excretory in nature. These products are of a temporary 
character such as mucous, serous, lipoid granules. yolk, acrosome, Nissle 
granules, etc. The apparatus undergoes hypertropy during the process and 
is not transformed into the various products. This feature is constant in all 
the foregoing examples and is the fundamental postulate for the so-called 
“ Process theory of action’. The above theory does not take into considera- 
tion the general function of the apparatus in all cells. Gatenby (1919 and 
1921), Brambell (1923), Ludford (1922 and 1925) and Rau and Ludford (1925) 
attribute to it a metabolic function with or without the production of visible 
substances. Brambell (1923) from his work on neurones comes to the 
conclusion that possibly they are concerned with the production of protein 
substances. But in Patella (1924) he finds substances of a fatty nature 
arising in relation with the apparatus. Similarly Ludford (1922) concluded 
from his work on Dytiscus marginalis that the apparatus would play by no 
means an unimportant part in lipoid metabolism. But his further work 
(1925) has brought out the fact that the apparatus has a number of other 
functions also. Anyway the fundamental fact remains that they are 
concerned in some way or other with cell metabolism. The first definite 
suggestion regarding its general function in all cells seems to be that of 
Gatenby (1919). ‘‘ It may be considered that this spreading out is to enable 
the activities of the Golgi rods to be felt in every corner of the cytoplasm, 
or that the spreading out of the apparatus is only in preparation for 
subsequent segmentation of the egg. I think that both interpretations are 
true, and there seems little doubt that the two categories of cytoplasmic 
inclusions while spreading out are taking some part in the building up of the 
oocyte” (pp. 473-474). The products of metabolism may be visible or 
invisible. The three fundamental conditions laid down by Bowen (1926 d) are 
not strictly applicable to all these cases, especially the last, if the intra- 
cellular enzymes are not demonstrated by the usual techniques. A critical 
demonstration of the relation between the Golgi apparatus and the secretory 
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product, the final condition of Bowen, is according to him, not fully 
satisfactory and universal even in secretory cells. Regarding the question 
whether the relation between the Golgi and the secretory product should 
continue till maturity appears to be doubtful as evidence in spermato- 


genesis shows remarkable changes of the acrosome after separation from the 
apparatus. 


Coming now to the actual method by which the Golgi apparatus 
performis its function, one finds the greatest difficulty. Gatenby’s, Ludford’s 
and Brambell’s suggestion that the Golgi apparatus is concerned with 
metabolism is but a bare statement of fact. How this is done still remains 
to be answered. Similarly the actual process of formation of secretory 
products is also unexplained. Bowen (1926 d) rejects Nassonov’s theory that 
the Golgi material forms a surface of separation between the granule and the 
surrounding plasma, which is responsible for the differentiation of the 
granule as the acrosome does not necessarily occupy a position within the 
Golgi material. He suggests that the surface membrane is really provided 
by the wall of the clear vesicle within which the secretory granule appears 
to be differentiated. ‘‘ Thus materials for the secretory granules would be 
elaborated primarily in the Golgi apparatus, and thence transferred to 
the granules.’ Nassonov’s explanation that they form a separating 
membrane does not clearly explain how the materials which the membrane 
separates are absorbed or are brought within the focus of activity of the 
apparatus. Neither does Bowen’s explanation that the materials for the 
synthetic processes of the Golgi are derived from the nucleolus, mitochondria, 
cytoplasm, etc., demonstrate how these materials are made available to the 
apparatus which synthesises them into the various metabolic products. 
Even his observation that the materials for the secretory granules are first 
synthesised in the Golgi apparatus and then transferred to the granules 
implies a sort of transference which requires the aid of a medium. 
Similarly Gatenby’s and Ludford’s view that the scattering of the apparatus 
is to enable the activities of the apparatus to be felt in every corner of the 
cytoplasm wants also the aid of an agent by means of which the effect is 
made to be felt on the cytoplasm. Finally Cramer and Ludford’s.(1925) work 
on intestinal fat absorption where glycerine and fatty acids absorbed are 
reconverted into neutral fat is only explicable on the assumption of an agent 
bringing it within the focus of the activity of the apparatus. In addition, 
how the same apparatus synthesises products of various chemical composi- 
tions such as mucous, serous and lipoid droplets brings in the question 
whether the first products of synthesis are the visible products or whether 
the visible products are only secondary in their origin. 
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It was from difficulties such as these that the explanation of the 
production of an intra-cellular enzyme was first postulated by the author, 
in the case of the transformation of the zona radiata into a mucilaginous 
envelope and in the formation of two kinds of nutritive bodies in Salmacis 
bicolor. The formation of two kinds of nutritive bodies, 7.e., lipoidal and 
albuminous, in relation with the Golgi apparatus reminds one of the fatty 
and albuminous yolk arising in relation with the apparatus in the oogenesis 
of Clibanarius and hence attention may be directed to the views of workers 
in oogenesis. 


2. Theories regarding the function of Golgi bodies in Oogenesis.—It would 
be well worth while to analyse the conclusions of Nath and his collaborators, 
especially in view of Nath’s strong views regarding the shape and function of 
the apparatus. It is by no means easy to arrive at a definite conclusion 
regarding his views. Hence the papers are analysed under the following 
headings : 

(a) Golgi vesicles becoming fatty even in the early stages of oogenesis, 

but in which there is no fatty yolk. 

(b) Golgi bodies becoming fatty even in the early stages, but in which 

there is fatty yolk. 

(c) Golgi bodies remaining as a rim to the fatty yolk globules even 

after the completion of the oogenesis. 

(d) Golgi bodies becoming converted into fat in the final stages. 


(a) Golgi bodies becoming fatty even in the early stages of oogenesis, 
but in which there is no fatty yolk.—Under this heading comes the oocyte 
of the earthworm (Nath, 1930) and the mosquito (Nath, 1929). He is 
of opinion that in these two cases even though the Golgi vesicles do not 
swell up, vet they are fatty (p. 502, 1930). I conclude from his descriptions 
that they are not strictly comparable. The fatty content of the Golgi 
vacuoles of Pheretima has not been substantiated by his recent work with 
the vital dyes (Nath, 1933). The reasons adduced by Nath for considering 
the Golgi elements as fatty are: (1) in whole ovaries mounted after fixation 
in Champy for 24 hours, the Golgi vacuoles appear colourless or at most as 
slightly grayish bodies after the lapse of one month; (2) when the ribbons 
containing Champy fixed material are exposed to the action of xylol to 
remove the paraffin, the Golgi which appear as blackened elements in the 
ribbons appear colourless or slightly grayish (p. 492, 1930). Naturally, 
one expected the facts to react to Scharlach R and Sudan III but strangely 
enough Nath (1933) says, ‘‘ Nothing whatsoever in the oogonia or in the 
oocytes of any stage is tinged even slightly by these dyes”’ (p. 138, 1933). 
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He further continues that ‘In Pheretima, Culex, Dysdercus, Crossopriza, 
Plexxippus and the Rabbit, the substance, described by him as Golgi 
bodies and which blackens after short periods of immersion in 2 per cent. 
osmic acid has to be considered as highly unsaturated or little oxidised 
lipoid as it remains absolutely uncoloured after treatment with Scharlach 
R and Sudan III.” 

Now let us turn to the question whether the fatty Golgi vesicles of 
Culex and Pheretima are strictly comparable. In Pheretima the Golgi bodies 
appear as granules in Bouin preparations which according to him answer to 
the description of the ‘yolk droplets’ of Harvey (p. 497, 1930) ; further 
the Golgi vesicles of Pheretima appear as solid granules in Da Fano. Even 
the statement about the appearance of these bodies after treatment with 
Bouin and Da Fano gives one the clue that what he claims to be fat 
inside the Golgi vacuole is after all not fat. He himself criticises King’s 
observation thus: ‘‘ Now it is well known that the Da Fano method fails 
to show fat in finished slides, while the Golgi apparatus is preserved” 
404, 1929). 

In Culex his reasons for concluding that the vesicle contains fat 
are: (1) in the oocyte the microspheres appear black after about 48 hours 
immersion in F. w. a.; (2) they are completely decolourised if the slide is 
kept in either turpentine or xylol for about 20 minutes after which they 
could not be made out in the preparations (p. 662, 1929); (3) in centri- 
fuged decolourised Mann-Kopsch preparations the microspheres are vacuolar 
and occupy the upper pole; and (4) in centrifuged eggs fixed in Da Fano 
they appear as distorted vacuoles (p. 664). 

He is really not justified in this conclusion that the Golgi in Pheretima 
and Culex have a similar composition. In Culex what he describes is a 
transformation—of course ‘into an unsaturated lipoid if we have to accept 
his latest interpretation, whereas in Pheretima the elements do not contain 
fat and at the same time do not also transform. The question now 
arises how the Golgi bodies having the same composition in Culex and 
Pheretima give different reactions? The microspheres in Culex appear 
as vacuoles in Mann-Kopsch followed by turpentine and Da Fano, while 
in Pheretima the Golgi appear as solid black granules in Da Fano and 
are preserved even after Bouin. 

(b) Golgi bodies becoming fatty even in the early stages, but in which there 
is fatty yolk.—This leads us to the oogenesis of Luciola (Nath and Mehta, 
1930) which is still more difficult to understand. Hence Nath’s own descrip- 
tion is put in and analysed. He informs the reader (p. 12), ‘‘ Text-Fig. 16 
represents the greater portion of the sack containing the primordial 
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germ cells. The nuclei of these germ cells appear distinctly, but the 
cell boundaries cannot be made out. In spaces between the nuclei one 
can see distinct vacuoles with a rim gone black due to osmication and a 
clear central substance. ‘These are the Golgi vacuoles. If, however, the 
ovary is kept in 2 per cent. osmic acid for more than half an hour, these 
vacuoles are blackened considerably and then appear solid. Such quick black- 
ening in osmic acid unmistakably shows that their contents are fatty. The 
number of these vacuoles is about three or four in each cell, as can be 
determined more accurately by the study of fixed preparations, and they 
are not closely aggregated in each cell. In Chrome-osmium and Mann- 
Kopsch preparations they appear solid and black, but they can be easily 
decolourised with xylol, or turpentine, after which they appear as clear 
vacuoles.”’* In this explanation of his results it is not at all clear how the 
rim present in Golgi vacuoles after ten minutes of immersion in 2 per cent. 
osmic acid could be easily decolourised in Chrome-osmium and Mann- 
Kopsch preparations with turpentine or xylol. Either the rim should be 
an artefact, as entire reliance could not be placed on treatment of tissues 
with 2 per cent. osmic acid, or he is dealing with inclusions which are 
not Golgi bodies. My justification for the latter assertion is that if the 
rim is fatty even in primordial germ cells and continues to be so, how is 
it converted into the typical lipo-protein Golgi apparatus of the somatic 
cells. The little work that has been done on dictyokinesis (Gatenby and 
Iudford, 1921, Iudford, 1922 and Hirschler, 1918) and early developmental 
stages at least demonstrate that the apparatus has its typical composition in 
dividing cells as well as in segmenting stages. As such an interpretation 
strikes at the root of our knowledge about the composition of the Golgi, 
no worker on cytoplasmic inclusions having ever attributed to it a fatty 
composition, it is difficult to understand the assertion of Nath. Because of 
the presence of fat in the Golgi vesicles Nath considers Luciola a very 
valuable material for the demonstration of the origin of fatty yolk 
vacuoles from the Golgi vacuoles. It would be relevant here to 
consider (1) how in Luciola these Golgi vacuoles give rise to fatty yolk 
vacuoles, and (2) whether the Golgi element has anything to do with its 
formation. In Text-Fig. 14 he represents a developing oocyte and 
remarks that the Golgi vacuoles which are uniformly distributed have 
increased in number and show a very distinct black rim and a clear 
interior. In the highly developed oocyte the Golgi vacuoles are blackened. 
But this is all in oocytes which he studied after treatment with 2 per 
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cent. osmic acid. In fixed preparations in Text-Fig. 5 he shows an ad- 
vanced oocyte in which ‘‘ many of the Golgi elements have swollen up”, 
Theit appearance seems to he solid and he further mentions that xylol 
decolourises some of them (pp. 15, 16 and 17; Figs. on pages 20 and 11). 
No mention of the decolourisation of the chromophobic part alone is men- 
tioned and the reader is left in a dilemma whether to rely on the Mann- 
Kopsch and other standard fixatives or on treatment of fresh eggs with 
osmic acid. Anyway as Nath deduces the fatty nature from fixed 
preparations it need only be understood that the rim as well as the 
interior becomes fatty, rejecting of course his conclusions on fresh eggs 
treated with 2 per cent. osmic acid. 

Nath himself is doubtful as to when such Golgi vacuoles may be 
called fatty yolk vacuoles and to avoid such a confusion uses the term 
Golgi vacuoles throughout. His final conclusion regarding the mode 
of fatty yolk formation is that ‘the Golgi vacuoles simply grow in size 
and give rise to fatty yolk vacuoles’. 

Analysing these conclusions to elucidate the function of the. Golgi 
bodies, it will be seen that Nath has nothing new to offer. If the Golgi 
vacuoles are fatty and simply grow in size one would like to know what the 
Golgi has to do with the growth of the vacuole. It is merely like the growth 
of a crystal or to put it more clearly, origin of fat from the cytoplasm. It 
can be nothing but that, for there is no secretion and no transformation. 

(c) Golgi bodies remaining as a rim to the fatty yolk vacuoles even after 
the completion of oogenesis.—In Scolopendra (Nath and Hussain, 1929), 
spider (Nath, 1929), Dysdercus (Bhandari and Nath, 1930) and Periplaneta 
(Nath and Mohan, 1929) the Golgi bodies contain a watery non-fatty fluid. 
Even in these he describes two different processes. It would be convenient 
to consider first the case of Dysdercus cingulatus where the Golgi seem 
to exist as such in the fully developed egg as Nath and collaborator 
mention that even after Bouin fixation ‘“ the Golgi vesicles appear as 
clear vacuoles surrounded by a corroded rim, especially in the advanced 
oocytes where they have grown in size (Fig. 23)’’. The process described 
by Nath is one of secretion of fatty yolk by the Golgi but he says 
(p. 620), “ It is impossible to have stronger evidence than that furnished 
by the red cotton bug in favour of the theory of Nath that in the eggs 
of the spider, Scolopendra and the cockroach the vacuolar non-fatty Golgi 
vesicles of the youngest oocyte directly give rise to vacuolar fatty yolk, in 
as much as in Dysdercus the Golgi vesicles are fatty even in the earliest 
oogonia.’’* As will be seen he makes no mention of secretion but on 
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the other hand tries to correlate these results with those he obtained 
in spider, Scolopendra and cockroach. 

(d) Golgi bodies becoming converted into fat in the final stages.-— 
Attention may now be directed to the process of fatty yolk formation 
in the spider (1929). The Golgi elements are described as vacuoles with 
a very sharp chromophilic rim and a central chromophobic substance 
and their contents are supposed to be watery and non-fatty. The fatty 
yolk vacuoles do not show any rim and according to him appear dull, 
black and solid. When the Mann-Kopsch slides were treated with 
turpentine the fatty yolk vacuoles appeared as clear vacuoles and he 
refers the reader to Fig. 8. In describing Text-Fig. 11 also he remarks that 
the decolourised fatty yolk appeared as clear vacuoles giving a frothy 
appearance to the egg. In the case of Scolopendra he mentions (pp. 408, 
409 and 411) that acid fuchsin tends to decolourise osmicated fatty 
bodies and that in Mann-Kopsch slides stained with acid fuchsin the 
fatty yolk vacuoles “appear as colourless vacuoles without a sharp 
black chromophilic rim of the Golgi vacuole”. What apparently 
happens in the two cases is that the Golgi itself is transformed. 

Yet in his paper on the cockroach (1929) he observed : “ In the spider, 
Scolopendra and Luciola the Golgi vesicles enlarge considerably when 
the egg grows, with the result that the membrane of the vesicle becomes 
more and more attenuated. Pari passu with their growth, free fat, not 
miscible with the general cytoplasm is deposited in the interior of these 
vesicles.”’ As shown above, Nath’s accounts of fatty yolk formation 
in spider and Scolopendra clearly indicate a transformation and one 
cannot understand how he can describe an attenuated rim in these cases. 
In the cockroach also (Nath and Mohan, 1929) his description of the process 
of fatty yolk formation is one of transformation. The circum-nuclear ring 
of Golgi vesicles—in his account of the oogenesis of the cockroach--break 
away from the nuclear membrane and the majority of these continue 
to grow in size becoming more and more fatty till they assume huge 
dimensions. In this process the rim, it appears, becomes attenuated. 
In Kolatschev preparations treated with turpentine he records their 
appearance as clear vacuoles of different sizes (pp. 267, 268 and 269). 
Even here, his description is one of transformation as treatment of 
Kolatschev material with turpentine suggests, and it is really difficult 
to conceive of an attenuated rim existing in these before treatment with 
turpentine. What Nath describes is apparently an optical illusion. 


Further analysis of Nath’s work seems unnecessary, for he has mixed 
up a number of processes to be included under his theory of fatty yolk 
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formation. The above analysis of his papers will show that there is no 
such thing as Nath’s theory which could be tested at least in some cases. 
An evidence for such a conclusion will be found in his conception of ‘ fatty 
yolk’ (p. 501, 1930). The term according to him is misleading because it 
is not the case of a metamorphosis of a substance A into B “ but a case of 
a small vesicle simply enlarging and storing up fat inside it’’. One would 
like to know whether the formation of fatty yolk from Golgi bodies in the 
spider and Scolopendra is not the metamorphosis of a substance A into B. 


Let us now turn our attention to another school of cytologists which 
believes in the possibility of albuminous yolk arising in relation with the 
apparatus. It would be well to consider Hogben’s theory (1921) before 
entering into a discussion about the views of Harvey (1925, 1927, 1929, 193la, 
19316, 1931c) who may be taken as a representative of the school. The 
reason for this course of procedure is due to the fact that Harvey has 
accepted Hogben’s hypothesis and tries to explain away all phenomena in 
that light. In justice to Hogben it should be admitted that he is only 
concerned with nuclear and nucleolar phenomena. His conclusions 
regarding the mode of yolk formation are based on the work of other 
writers like Gatenby, Hirschler and Hilarowicz. ‘The theory as postulated 
by Hogben—‘‘ a very intricate inter-action of the metabolic functions of the 
plasmosome, mitochondria and the Golgi apparatus, a hypothesis, which 
while unifying the data, is perfectly compatible with the observed 
transformation of deutosomes (nuclear emissions), chondriosomes and 
dictyosomes in individual cases’’—is based on the observations of 
transformations and not on secretory or synthetic activity. Moreover, 
Hogben and later Harvey consider only one aspect of the activity of the 
Golgi, namely, yolk formation. Both the workers do not seem to have 
taken into consideration the metabolic function suggested by Gatenby 
even before the publication of Hogben’s paper. The theory does not also 
include the observed transformations of mitochondria into fat, nucleoli into 
fat and the Golgi into fat. The theory as it stands represents only one 
side of the question. Harvey finds the Golgi having no apparent function 
in Imbricus (1925 and 193la) and Hogben mentions similar experience 
of Gatenby and Hilarowicz. If, as Harvey admits, the apparatus is 
concerned with the production of yolk spherules in Carcinus (1929) and 
Antedon (19316) surely in the earthworms which he has examined it should 
have some function. The absence of any visible products need not in 
any way deter one from considering it as not active. 


Reverting to Harvey’s elaboration of Hogben’s theory the first refer- 
ence to it is made in his paper on Carcinus moenas. He observed yolk 
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being deposited in the chromophobe part of the Golgi apparatus and con- 
sidered the proteid yolk formation as a condensation into droplet form 
by the Golgi of material synthesised by the mitochondria, the plasmosome 
and the ground cytoplasm. This theory has been elaborated further in his 
papers on Antedon and Asterias (19316 and 193lc) where he mentions that 
in its widest application it will be found to fit practically all cases. 

Fat like yolk is of common occurrence in a large number of eggs and 
Golgi bodies in cells of the germinal layer which transform into deutoplasmic 
spheres do not have a composition different from that of the one in the 
oocyte. Harvey seems to have overlooked the work of Cramer and Ludford 
(1925) when he makes the statement ‘‘ The possibility that fat might arise in 
some eggs in connection with the Golgi apparatus and not in others has 
always appeared doubtful to me on theoretical grounds’; but when he 
finds fat arising in relation with the Golgi in degenerating germinal cells 
(19316) he considers the process a paradox and argues that there is no 
conversion of the latter into fat until the cell has become so degenerate 
as to have no cellular structure. 


Bowen’s theory is not far different from that of Hogben or Harvey’s 
except that he considers the Golgi as the synthetic centre. But both these 
theories do not: seem to have paid enough attention to the function of 
Golgi bodies in ordinary cells as well as in eggs in which there is no depo- 
sition of fat or yolk. Surely, the apparatus should have some definite 
function in all cells and from the evidence available it is perfectly reasonable 
to.consider them as controllers of metabolism. In addition it appears 
justifiable to conclude that in specialised cells they will have in addition 
specialised functions. 


Returning now to its function in oogenesis the author is fully convinced 
that the primary function of the apparatus is the production of intra- 
cellular enzymes and that yolk and fat are only secondary products result- 
ing from the action of these enzymes. Such a hypothesis would explain 
the cases where intimate contact is not ensured and also cases where the 
products undergo further growth in other parts of the cytoplasm not 
necessarily in relation with the apparatus. If it is admitted that the first 
result of the activity of the Golgi is the production of intra-cellular enzymes 
it becomes all the more reasonable why the first origin of these products 
should be in contact with or in the immediate vicinity of the apparatus 
owing to the fact that initiation of condensation is easier in the fountain- 
head of these enzymes, whereas further growth may take place in other 
regions. Such a hypothesis will also explain how these bodies exert their 
influence in all parts of the cytoplasm. 
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One may enquire how this will throw light on the transformation of 
Golgi into fat or yolk. The author would just refer to the phenomena 
occurring in gland cells, especially the extrusion of a large portion of the 
apparatus at the end of secretion. In eggs such a process is replaced by 
the conversion of the superfluous elements into fat or yolk but a conception 
like that lays down clearly that not ail the Golgi elements are transformed. 
Transformation, at least of part, and absorption have been noticed during 
spermatogenesis (Gatenby and Wigoder, 1929) and there is no reason why in 
an egg where there are numerous Golgi elements, a good number may not 
be transformed as a measure of cellular economy. If in gland cells secre- 
tions of various types could occur one may reasonably enquire why such a 
process could not take place in oogenesis. 

Finally is it not probable that neutral red vacuoles (Douglas, Duthie 
and Gatenby, 1933) instead of being products of reaction of the cell to 
neutral red may really be the visible expression of enzymes secreted by 
the Golgi? (Vera Koehring, 1930 and 1931). 


3. Mitochondria and Yolk Formation.—It has been mentioned that in 
Clibanarius the mitochondria do not transform into albuminous yolk but 
remain as such, and that transformation of mitochondria into yolk should 
be followed by histochemical changes. The majority of the mitochondria 
of Salmacis transform into yolk and sucha phenomenon is followed by 
different reactions of these spherules to fixatives and stains. I would like 
to suggest from the evidence of the transformation of mitochondria 
unaccompanied by any increase in size, that the mitochondria after all 
are not the synthetic centres of yolk formation. The Golgi elements 
plastered on to the mitochondria and persisting in a similar condition in 
the yolk spherules seem to be the real agents responsible for such a 
change. It does not appear to the author quite necessary to consider the 
size as an important factor. The fact that the yolk spherules are not 
bigger than the mitochondria does not form a serious objection as the 
composition of the spherules are more important than their size. 


11. Summary. 


1. Cytoplasmic phenomena during the oogenesis of Salmacis have been 
worked out. 


2. The mitochondria first become uniformly distributed throughout 


the cytoplasm. 
3. The nucleolus exhibits three definite periods of growth when it may 


be extruded. Extrusion seems to be retarded by the attachment of 
albuminous nutritive bodies. 
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4. The Golgi bodies while in the process of spreading come into rela- 
tion with the mitochondria. Yolk appears to be formed by a conversion of 
the material of the mitochondria with further secretion by the Golgi of 
material derived from nucleolus and nutritive bodies. 

5. Theories regarding the function of the Golgi apparatus in various 
cells are discussed. 

6. It is suggested that the primary function of the Golgi bodies is 
secretion of various intra-cellular enzymes visible or invisible and that the 
secretory products like fat, yolk, acrosome, mucous, serous and lipoid 
granules are only secondary products resulting from the action of these 
enzymes. 

It is a great pleasure to acknowledge my indebtedness to Professor 
R. Gopala Aiyar for his very active interest and help throughout this work. 
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KEY TO LETTERING OF TEXT-FIGU RES. 


a.nb. .. Albuminous nutritive spheres. 
coel.ep. «+. Outer epithelium of the gonadic tubule. 
dis, por. .. Dissolved portion of the nutritive spheres, 


.. Golgi apparatus. 

g.b. .. Golgi batonette. 

+. Golgi cireum-nuclear concentration. 
g.- .. Golgi grains. 

gute .. Golgi rim of the nutritive bodies. 
Ln.b. .. Lipoidal nutritive spheres. 

m .. Mitochondria. 

nu. Nucleolus, 

.. Oocyte wall. 

P.g-g- .. Enlarged peripherally situated Golgi grains. 
y.8. .. Yolk spherules. 
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1. Introduction. 


THE essential change occurring during the ripening of the banana (Musa 
sapientum, Linn.), is the conversion of starch into soluble, simpler carbo- 
hydrates. The mechanism of starch degradation has formed the subject of 
several investigators, many of whom have incriminated amyloclastic 
enzymes as the agencies responsible for such changes; unfortunately the 
results obtained so far have been highly conflicting and the question 
whether or not such agencies are present, still remains obscure. 

The earliest work of Tellarico (1908) and Bailey (1912) on banana 
amylases has been re-examined by Falk and McGuire (1921) who, by the use 
of more quantitative methods, failed to demonstrate any “ definite and 
marked’”’ amylase action in their banana pulp preparations or extracts. 
The negative results according to them are attributable to the presence of 
the substances in the banana, ‘‘ which when brought into close contact, as: 
by grinding with the enzyme material, inhibit the action...It is also possible 
that the ripening process or the breaking down of starch is not merely an 
amyloclastic action as this is commonly understood but involves a simul- 
taneous or preliminary oxidation reaction.’’ Ranganathan (1928) and 
subsequently Desikachar (1931) failed to detect any amylase in the ripening 
bananas, thus confirming the results of Falk and McGuire. 

Evidence as to the existence of an amylase was, however, indicated by 
an interesting observation of Ranganathan. Unripe bananas, cut into slices 
and covered with toluene, showed, on incubation, increasing concentrations 
of soluble sugars, while a similar group of control slices covered with toluene 
but heated in a steam oven for 30 min. did not yield any such increase in 
the sugars, thus indicating the presence of a thermolabile agent respons- 
ible for the saccharification of the reserve starch. Attention should be 
drawn to the positive results of Bailey (1912) who in the course of his 
experiments on the digestion of starch by banana extracts, obtained a 
progressive degradation of starch as indicated by the iodine colorations, 
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blue to red, a significant result not fully appreciated by the subsequent 
investigators. Bailey’s conclusions have been confirmed by the findings 
of Uchihara (1920) who has obtained positive tests for amylase in 
banana by an entirely different method. In view of the controversial 
nature of the problem it appeared desirable to re-examine the question, 
particular attention being paid to the methods of enzyme extraction rather 
than to those of estimation of the amyloclastic activity. 


2. Experimental. 


A study of the rate of saccharification of starch in the ripening fruit, 
shows that the change proceeds most rapidly during the period when it is 
passing from green to yellowish green. The material used for our experi- 
ments was at the yellowish-green stage of ripeness. 

Cross sections of the fruit (1) for tannins and (2) for starch during 
varying stages of ripeness were examined histochemically. It was expected 
that the location of tannins im situ would be helpful in eliminating the 
tannin-bearing portions of the tissue, and thus secure an enzyme extract or 
powder free from tannin which is known to inhibit amyloclastic activity. 
The tannin content of pulp in the ripening fruit has been estimated to be 
1-52—1-66 per cent. (Ranganathan, 1928). Staining the tissue with a dilute 
solution of ferric chloride (1 part of FeCl; in 250) reveals that the tannin is 
confined mainly to the periphery and the three bands (Fig. 1) radiating 
from the centre. By staining with iodine, it can be demonstrated that 
the section stains a deep bluish black in the unripe stage. As the ripen- 
ing proceeds starch disappears largely but a small quantity has been 
found to persist in the middle and in the region round the tannin-containing 
bands, already referred to, thus pointing to the inhibitory action of tannin 
on the hydrolysis of starch. The course of disappearance of starch in 
ripening bananas had been previously demonstrated by Hartshorn (1931). 
The histological examinations further reveal that the disappearance 
of starch starts from the periphery and gradually extends towards 
the core. These observations suggest the probability that the peel is 
the seat of the enzyme. Osmotic pressure measurements made by Stratton 
and Loesecke (1931) have shown that during banana ripening the osmotic 
pressure of the pulp which equals that of the peel in the green condition 
rapidly increases, so that a streaming of the liquid takes place from the 
peel to the pulp. 


These preliminary studies emphasised (1) the need for differentiating 
and examining the pulp and the peel separately, and (2) the need for 
effectively removing inhibitory tannins during the extraction. 


usa 
tbo- 
t of | 
istic 
the | 
tion 
ana 
and 
cts. 
2 of 
as’ 
ible | 
an 
1ul- 
ind 
ing 
by 
ces 
ons | 
ne | 
in 
be | 
his 
| 
us, 


320 B. N. Sastri and G. R. Row 


3. Methods of Extraction. 


Mature, ripening bananas were separated into pulp and peel. Great 
difficulty was experienced in obtaining the peel entirely free from pulp 
and our peel preparations therefore represent a slight admixture of the 
outer layers of the pulp. 10 parts by weight of the green tissue mixed 
with 2 parts of hide powder was comminuted in a mortar and ground 
to a paste after adding a sufficient quantity of acid-washed sand. 
The paste was then treated with 100 parts of 80 per cent. glycerine 
and the mixture centrifuged at 3,000 R.P.M. to ebtgin the clear 
extract. 


For obtaining dry preparations of the material the tissues after rapid 
mincing were treated with successive batches of absolute acetone to obtain 
a dry material. Contact with acetone appears to be deleterious to the 
enzyme and should therefore be minimised. The dry material thus 
obtained is found to be free from tannins and most of the soluble sugars. 
Whole banana powders were also prepared in a similar manner, the 
material being grated and immediately dropped into acetone. 20 gms. 
of dry powder were extracted with 100 c.c. of 50 per cent. glycerine, 
shaken for 4—5 hrs., centrifuged, yielding a clear centrifugate. 


4. Estimation of amyloclastic activity. 


The amyloclastic activity was determined by employing a reaction 
mixture consisting of 20 c.c. of 2 per cent. soluble or banana starch, 
20 c.c. of the extract and 1 c.c. of toluene. The reactions were carried 
out at 40°C. Two controls were found necessary; one which may be 
termed a live control consisting of 20 c.c. of the extract, and 20 c.c. of 
water, in order to correct for the reducing sugars obtained by the action 
of invertase on cane sugar that may be present in the extract, and the 
other control consisting of the more usual boiled extract treated with 
an equal volume of starch. From time to time, a small quantity 
of the reaction mixture was withdrawn from the flask and tested with 
iodine. 

After incubation for 24 hrs., 20 c.c. of the reaction mixture was pipetted 
out into 100 c.c. of 95 per cent. alcohol, filtered, precipitate repeatedly 
washed with alcohol, filtrate and washings evaporated on a water bath toa 
syrup, taken up with water and made up to 50c.c. The reducing sugars in 
20 c.c. aliquots were estimated by Bertrand’s method. 


- 
& 
7. 
© 


On Banana Amylase 321 


5. Results. 
TABLE I. 


Reaction mixture : 20 c.c. of extract + 20 c.c. of soluble starch solution 
(Mgms. of maltose produced after 24 hrs. incubation at 40°C. 
Calculated to 100 c.c. of reaction mixture). 


Extracts of green tissues Extracts of dry powders 
Variety Peel + ; Variety Peel 
+ 

Peel Pulp Pulp Peel Pulp Pulp 

* Elakki, 27-1-33 . 96 110 || *Elakki, 22-3-33 ..| 132 156 
99 9-2-33 .. 128 slight 162 ie 28-3-33 .. 179 oe 186 

9 21-2-33 .. 78 we 108 *Rasabale 4-3-33.. 128 os 147 

* Puttabale, 28-2-33. 46 oe 73 110 oe 128 


Influence of tannin on Amylase activity.—That the tannins isolated from 
banana inhibit the amylase activity of the extract, is clear from the 
following table. 20 and 10 c.c. aliquots of a 50 per cent. glycerine extract 
of whole-banana powder were incubated with varying quantities of tannin 
extracts (prepared from the banana peel by extraction with ethyl acetate) 
and 20 c.c. of 2 per cent. soluble starch. After 20 hours, the experimentals 
as well as the blanks, were treated with alcohol, the residues from the filtrates 
were taken up with water diluted suitably and the reducing substances 
estimated in aliquots by Bertrand’s method. 


TABLE II, 

20 c.c. starch |20 c.c. starch+|20 c.c. starch+ + 
+20c.c. |10¢.c. enzyme 20c.c. enzyme |~ 
enzyme extract+ 10c.c,) extract+1c.c.) 
extract water tannin yor 

c.c, of Permanganate 
N/10 3°8 2°1 0-1 oe 
Coloration with Iodine .. Red Violet Blue Blue 


6. Discussion. 
An examination of the results (Table I) indicates that there is 4 definite 
saccharification of starch with peel tissue whether employed as extract or as 
powder. A study of the iodine coloration which was also followed with the 


* Local vernacular names for different varieties of bananas. 
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progress of hydrolysis showed that the coloration gradually changes from 
blue to a pure brick red which does not entirely disappear even after 
prolonged action for 48 hours. It should be mentioned that the coloration 
which develops on addition of iodine is evanescent, but persists long enough 
to be observed. Since such a rapid disappearance is not noticeable when 
dialysed extracts are employed, it is clear that the phenomenon is attribut- 
able to the presence of some strongly reducing substances in the crude 
extract. 

Experiments with extracts of peel and pulp individually and also in 
mixture establish that (1) the amylase is definitely present in the peel extract, 
(2) that the pulp extracts exhibit little or no activity, and (3) that a mixture 
of the extracts of peel and pulp, invariably shows a greater activity than 
either of them when employed individually, thus pointing definitely to the 
existence of activators in the pulp extract, whose nature remains to be 
determined. 

The failure of previous investigators to demonstrate the enzyme activity 
is due to the circumstance that most of them looked for the enzyme in the 
isolated pulp ; further, no attention was paid to the effective elimination of 
the inhibitory tannins during the course of the preparation of the enzyme 


pS I extract, a precaution which has been shown 
TSS, > to be essential in securing active preparations 

ee of amylase. The decisive influence of 

tannin on the course of amyloclastic activity 
is strikingly brought out by the histochemical 
AE iy, $] examination of the cross-sections of the 

ripening banana (Fig. 1). The persistence 

rs oe of starch in regions of high tannin concen- 


Bre A; tration even in the advanced stages of 
ripening and the disappearance of starch 


in regions where tannins disappear or are 
Ses, 1 absent, point to the existence of a fine 


Cross section showing the tannin- mechanism which controls the process of 
ripening in starchy fruits. 
7. Summary. 


(1) ‘Tannin-free extracts of the banana peel (possibly admixed with the 
outer layers of the pulp) possess marked amyloclastic activity as revealed by 
the iodine and saccharogenic tests. 

(2) Evidence has been obtained to show that the pulp extracts while 
themselves being incapable of hydrolysing starch, contain activators which 
enhance the activity of peel extracts. 
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(3) Histochemical examination of ripening fruits reveals that ripening 
is controlled by the presence or disappearance of tannins. 

In conclusion, we wish to express our grateful thanks to Mr. M. Sreeni- 
vasaya, B.A., F.1.1.Sc., for many helpful criticisms and to Mr. Y. V. Sreenivasa 
Rau, M.Sc., A.I.I.Sc., for his assistance in the experimental portion of the 
work. 
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71. Introduction. 


Eclipta erecta, 1,inn., a member of the tribe Helionthoidee of the family 
Composite, is a common weed found in moist places in many parts of India. 


It flowers during the greater part of the year and is distributed throughout 
the warmer countries of the world. 


The family Composite has received considerable attention from 
morphologists, and a number of variations have been recorded of which the 
more important are summarised here. 


Male gametophyte.—In the development of the microspores, the tapetum 
becomes amoeboid in some plants though in most cases it is an ordinary 
glandular layer. Chiarugi (1927+) has worked on several species of the 
Compositz and he concludes that the anther tapetum in this family is not 
of a uniform type but shows a progressive tendency towards the formation 
of a true periplasmodium. Division of the microspore mother cells is 


simultaneous and cytokinesis has been found to occur in many cases by 
furrowing. 


The division of the generative cell commonly occurs in the pollen grain 
which is three-nucleate at the time of shedding. 

Usually each pollen grain has three germ pores but Wodehouse (1931) 
has recently reported the presence of six germ pores in Dahlia. 

Ovule.—In all the members of Composite so far investigated the ovules 
are anatropous and consist of a narrow nucellus with a single integument 
whose innermost layer gives rise to an integumentary tapetum. Usually 
there is a single archesporial cell in the nucellus which directly functions as 
the megaspore mother cell without cutting off a wall cell. Sometimes more 
than one archesporial cell have been recorded. A list of such genera has 
already been compiled by Schnarf (1931). 

Megaspore formation and Embryo sac—The megaspore mother cell 
divides to form a tetrad of four megaspores of which normally the chalazal 
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produces the embryo sac; but in the tribes Asteree, Cichoriee and 
Senecionez either the micropylar or the chalazal megaspore has been found 
to function, and in the tribe Calenduleze it is the micropylar megaspore 
which usually forms the embryo sac. Sometimes more than one megaspore 
mother cell go through the reduction divisions and as a result several embryo 
sacs arise in the same nucellus, as recorded for several species of Chrysan- 
themum (Tateishi, 1929). Palm (1914a) has recorded an important case in 
Pyrethrum parthenifolium var. aureum which has a sixteen-nucleate embryo 
sac of the Peperomia-type and the same type has also been found in Evigeron 
dubius (Tahara,* 1921), E. politus and E. eriocephalus (Holmgren,* 1919). In 
Erigeron alpinus, Chiarugi (1927a) found that the embryo sac is sometimes 
of the Peperomia-type and sometimes of the Scilla-type. In Tanacetum 
vulgare (Palm, 1914a) twelve-, fourteen- and sixteen-nucleate embryo sacs 
are known to be formed, so it is regarded as a transitional form from the 
Scilla-type to the Peperomia-type. Ward* (1880) found the Lilium-type of 
embryo sac development in Pyrethrum balsaminatum, but this work is very 
old and needs confirmation. Palm* (1922) observed the Scilla-type of 
embryo sac formation in Vittadinia triloba. Holmgren* (1919) found the same 
in Erigeron unalaschkensis and E. coulteri. In Erigeron glabellus, Carano* 
(1921) found that the embryo sac is mostly of the Scilla-type but rarely 
it is of the normal-type and in Evigeron karwinskianus var. mucronatus 
there is a great deal of variation; three types—the Normal, Scilla 
and Lilium—have been found to be present (Carano,* 1921). Chamberlain 
(1895) and Oppermann (1904) studied Aster nove-anglie and described 


a rather peculiar case where a nucleus from the antipodal region became 
an egg cell. 


Antipodals.—The antipodal cells are usually situated one above the 
other in a row. Very often the originally three antipodal cells increase in 
number as in Gnaphalium, Antennaria, Conyza, Tussilago (quoted in Schnarf, 
1927), Senecio (Mottier, 1893), and Aster (Chamberlain, 1895; Oppermann, 
1904). Sometimes from the very beginning there are only two antipodal 
cells as in Zinnia grandiflora (Palm, 1931), Bidens leucanthus, B. tripartitus, 
Xanthium spinosum (Dahlgren, 1920), Cosmos bipinnatus, Cosmidium burrid- 
geanum (Tackholm, 1916), Sanvilatia verbesina (Hegelmaier,* 1889) and 
Helianthus annuus (Dahlgren, 1924). 


Increase in the number of nuclei in each antipodal cell is a very common 
feature in the family. Tackholm (1916) reported as many as forty nuclei in 
an antipodal cell of Cosmidium burridgeanum. 


* All the authors marked with an asterisk are quoted in Schnarf, 1927. 
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Antipodal haustoria.—Miss Goldfuss* (1898) studied Leucanthemum 
lacustre and observed that the chalazal antipodal cell increases in size and 
forms a haustorium ; she also noted a similar condition in Helianthus maxi- 
milianus and Chrysanthemum leucanthemum. Chamberlain (1895) studied 
Aster nove-anglia and found that the orginally three antipodal cells increase 
in number forming a row of cells sometimes as many as twenty. This 
antipodal tissue extends into the basal part of the ovule and functions as the 
haustorium. Miss Oppermann (1904) also reported the presence of a similar 
haustorium in Aster undulatus. Further it seems to have become generally 
accepted that in the tribe Asteree the antipodal cells persist and develop a 
chalazal haustorium. Palm (19140) also studied Aster nove-anglie and to 
the haustorial structure present in it gave a new interpretation. He 
concluded that when one of the megaspores other than the chalazal one 
develops into the embryo sac the deeper megaspores persist, enlarge and 
form the haustorium. According to him in Solidago serotina the micropylar 
megaspore is always the functional one and the others form a haustorium. 
Chamberlain (1918) pointed out that the figures given by Palm to support 
his view are not convincing and reasserted his opinion that the haustorium 
in Aster and Solidago is of antipodal origin. In Grindellia squarrosa (Howe, 
1926), there are two antipodal cells which persist but do not divide. 
One or both of them grow laterally into the integument thus forming 
one or two lateral haustoria which may extend nearly to the surface of 
the ovule. 


Synergids.—In some cases synergids with hooks have been found. 
Dahlgren (1928) has already given a list of such genera of the family and 
they are as follows :— 


Achillea clavene, Adenostyles albifrons, Anthemis alpina, Artemisia 


nitida, Bellidiastrum michelii, Chrysanthemum alpinum and Helianthus 
annuus. 


Synergid haustoria.—Synergid haustoria have also been observed in a few 
plants in the family. Hegelmaier* (1889) studied Helianthus and found that 
the slender upper end of the synergid projects out into the micropyle and 
functions as a haustorium. In 1920 Dahlgren studied several species of 
Calendula and reported that the haustoria are formed from the synergids. 
In 1924 he examined Ursinia anthemidoides and found that the synergids 
elongate very much and come to resemble the pollen tube; the elongated 
ends extend into the micropyle and from them or perhaps from one of 
them originates a haustorium. Schiirhoff* in 1926 confirmed the presence of 
synergid haustoria in Ursinia anthemidoides and Calendula officinalis. 
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Double fertilisation.—Double fertilisation has been reported in several 
plants of the family. Schnarf (1931) has already given a list of such plants 
and as far as I know no additions have been made since then. 


Endosperm.—Both cellular and nuclear types of endosperm are found in 
the family. The former is found in Xanthium, Galinsoga, Bidens, Tagetes 
and Silphium, etc., and the latter is found in Dahlia, Helianthus, Grindellia, 
Ursinia, Dimorphotheca, Cirsium, Arctium and Centaurea, etc. When the 
endosperm is cellular, the direction of the first wall is not constant. In 
several members of the family it is transverse, in others it is longitudinal and 
in still others it is oblique. This may sometimes occur in the same genus 
and even the same species (Dahlgren, 1920). 


Embryo.—The development of the embryo shows nothing peculiar. The 
fertilised egg divides by means of a transverse wall into a basal cell and 
an apical cell. By further divisions in the apical cell a mass of cells is form- 
ed which gives rise to the cotyledonary part. The remaining portion of the 
embryo as well as the suspensor is formed by transverse divisions in the 
basal cell. 


Diploid parthenogenesis.—Diploid parthenogenesis is found in several 
plants of the family. Rosenberg (1930) has already given a comprehensive 
account of this and classified it under the following three types :— 


1. The ‘Antennaria-type’ in which the megaspore mother cell directly 
gives rise to the embryo sacas in Erigeron annuus (Holmgren,** 1919), 
E. karwinskianus (Carano**, 1919-1927), Antennaria alpina (Juel,** 1900), 
Hieracium and subgenus Eu-Hieracium (Rosenberg,** 1906, 1908). 


2. The ‘ Taraxacum-type’ in which the megaspore mother cell divides 
into two cellsof which one produces the embryo sac as in Taraxacum 
(Sears, 1922) and Chondrilla juncea (Rosenberg, 1912). 


3. The ‘ Alchemilla-type’ in which four cells are produced from the 
megaspore mother cell and one of these gives rise to the embryo sac as in 
Artemisia nitida (Chiarugi,** 1926). 

All these three types are found in the family Composite and the 
gametophytes are of normal structure, though the nuclei are diploid. 


Apospory.—In Hieracium excellens and H. flagellare, Rosenberg (1907) 
observed the formation of a normally appearing but diploid female gameto- 
phyte from a cell of the nucellus lying just below the normal tetrad of 


** For these papers the reader is referred to the bibliography given by Rosenberg, 
1930. 
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megaspores. In Hieracium aurantiacum he found that the embryo sac is 
nearly always of aposporic origin, and its origin is most commonly 
from an epidermal cell of the nucellus which encroaches on the tetrad. In 
Artemisia nitida (Chiarugi,** 1926) the aposporic embryo sac arises from a 
cell of the epidermis. 


Polyembryony.—Both ‘false’ and ‘true’ polyembryony are found in 
the family. The former type is represented in Taraxacum officinale 
(Schwere,* 1896) in which there are several mother cells producing a 
number of embryo sacs each giving rise to an embryo. The latter type is 
known to occur in species of the genus Hieracium (Rosenberg, 1907; 
Schnarf, 1919 ; Haberlandt,** 1921), the extra embryo being produced from 
the antipodal cells, or the synergids, or even the endosperm cells, 
In Taraxacum officinale (Schwere,* 1896) sometimes one of the synergids also 
develops into an embryo. 


2. Material and Methods. 


The material was collected from various localities at Agra. Some 
imbedded material and slides were very kindly passed on to me by 
Dr. P. Maheshwari to whom I am indebted for them. A few of these were 
prepared by Mr. A. K. Mitra of the University of Allahabad. After remov- 
ing the involucre of bracts the heads were trimmed on opposite sides 
to secure easy penetration. Formalin-acetic-alcohol, Chrom-acetic acid 
(chromic acid 1 gm., acetic acid 3c.c. and water 100 c.c.), Nawaschin’s 
fluid and hot corrosive sublimate-formalin-acetic acid-alcohol were used for 
fixing. ‘The last-mentioned fixative gave the best results. The subsequent 
processes of dehydration and infiltration were as usual. Sections were cut 
5-12 microns thick and stained in Heidenhain’s Iron-alum Hematoxylin. 
The differentiation was carried out in an aqueous solution of picric acid 
which gave very satisfactory results. 


3. Investigation. 


Flower.—The flowers are arranged in heads which are 1/4 to 1/3 inch 
in diameter and borne on stiff peduncles. The ray florets are carpellate 
and the disc florets are hermaphrodite. 


As regards the development of the floral parts the first structures to 
appear are the petals which look like small papille (Fig. 1) but in their 
further development they assume a tube-like form and the tips curve 
inwards, thus furnishing an efficient protection tothe stamens and the 
pistil. The upper margin of the tube has four or five projecting teeth. 
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Almost immediately following the corolla appear the primordia of the 
stamens 4 2) which are usually four but sometimes five in number, 
Soon after, the two scale-like sepals make 
their appearance. The last of the floral 
organs are the two carpels which appear 
as outgrowths of cells on the inner side of 
the staminal ring (Fig. 3). By elongation 
and union of these is formed the style which 
over-arches a flask-shaped cavity below, 
in which develops the ovule. Fig. 4 shows 
the iia of a ray floret with the developing petals, sepals and 
the carpels. 


Microsporogenesis.—The anther is at first a mass of homogeneous cells 
which becomes four-lobed in cross section. The archesporial cells are 
rather late in differentiation and cannot be clearly distinguished from the 
other cells of the anther till a parietal cell has been formed on the outside 
(Fig. 5). The primary wall cell by further anticlinal and periclinal divisions 
gives rise to three layers—the endothecium, a middle layer and the 
tapetum. The tapetal layer consists of large uninucleate cells in the 
beginning (Fig. 6), but later they become binucleate and show densely 
granular contents (Fig. 7). Sometimes four to five nuclei have been found 
in a single tapetal cell. The nuclear divisions are mitotic and occur at the 
time when the microspore mother cells are in synizesis. The shape of some 
of the nuclei in the tapetal cells suggests that either there is a frequent 
fusion of nuclei or amitotic divisions also occur in later stages. 


Meanwhile the row of primary sporogenous cells also divides to form 
two rows of microspore mother cells which are densely protoplasmic and 
have large nuclei with one or two prominent nucleoli. After synizesis they 
begin to round up and as soon as the first reduction division is over the two 
daughter nuclei enter the second reduction division, no wall being formed 
between them. Walls are laid down only after the second division is over. 
It was found that the two outer loculi in an anther are in a slightly more 
advanced stage of development than the inner ones. A similar condition 
has also been noted by Merrell (1900) for Silphium, 


After the reduction divisions are over, the first evidence of further 
development in the pollen mother cell is the beginning of constrictions of the 
cytoplasm at four points placed at equal intervals on its periphery. The 
constrictions of the cytoplasm become progressively deeper until they meet 
in the centre and finally cut up the cytoplasm into four masses. 
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Both tetrahedral and isobilateral types of microspore tetrads are found 
(Figs. ll and 12). During the time the mother cells are undergoing the 
reduction divisions, the tapetal cells gradually lose their original shape, 
their walls begin to disappear and their nuclei take a slightly deeper stain. 
Fig. 8 shows a stage when the young pollen grains are beginning to round 
up, the middle layer has degenerated and the tapetal cells have become 
continuous. Their cytoplasm begins to penetrate inwards (Fig. 9) and sur- 
rounds the microspores, carrying with it the tapetal nuclei. Finally each 
pollen grain is surrounded by the cytoplasm and the irregularly scattered 
nuclei of the tapetum (Fig. 10). 

Later the periplasmodium gradually diminishes in amount and the 
tapetal nuclei undergo a progressive degeneration till they finally disappear. 
At the time when the pollen grains are mature no trace of the periplas- 
modium can be seen. That the periplasmodium may serve to nourish the 
pollen grains, seems to be indicated by the fact that as the pollen grains go 
on increasing in size, the periplasmodium goes on decreasing in amount. A 
similar behaviour of the tapetal cells has also been observed in Silphium by 
Merrell (1900). Dahlgren (1920) observed the presence of a true peri- 
plasmodium in Tagetes signatus. Both Juel* (1915) and Tischler (1915) 
working independently on Silphium laciniatum observed that the tapetal 
cells get in between the pollen grains but they do not fuse completely. 

The microspores very early develop a thick exine which is beset with a 
number of spines and the intine also becomes thick, as can be seen in Figs. 
9, 10, 14 and 15. A similar intine has also been sketched by Tischler 
(1915) for Silphium laciniatum. On division of the microspore nucleus a 
large tube cell and a small crescent-shaped generative cell are formed (Fig. 
14). Later the nucleus of the generative cell divides and two male cells are 
formed (Fig. 10). At this stage practically no structure can be made out in 
the male nuclei. Fig. 15 shows a peculiar dumb-bell-shaped pollen grain 
with three nuclei at one end. This seems to be a double pollen grain 
wherein after the tetrad formation the two microspores have not separated. 
In Podostemon subulatus also, Magnus* (1913) found double pollen grains 
and in Calycanthus fertilis, Schiirhoff (1922) found double, triple and 
quadruple pollen grains. Recently, Gustafson (1933) has also found double, 
triple and quadruple pollen grains in Hieracium flagellare. Merrell (1900) 
reported that in Si/phium the pollen grains germinate in anthers and the 
male nuclei are elongated and spiral. The pollen grains in Eclipta erecta 
have three germ pores which is the usual condition in the family Composite. 


Several attempts were made to germinate the pollen grains in sugar 
solutions but they were unsuccessful. 
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Pope (1925), working on the pollen morphology of about 80 families 
represented in the flora of Colorado, mentioned that the pollen grains in the 
family Composite are ellipsoidal. In Eclipta erecta I find that the mature 
pollen grains are spherical and about 16 microns in diameter. They are light 
yellow in colour and have an echinate surface. Further, for the sake of 
comparison I also examined the mature pollen grains of Tagetes and 
Dimorphotheca and in these also I found the pollen grains to be spherical 
and not ellipsoidal. In all the cases mentioned above the pollen grains were 
studied by the same methods as suggested by Pope. 


Occasionally some of the pollen grains degenerate. Fig. 13 shows a 
tetrad where two of the microspores are degenerating. Several cases of 
older pollen grains in the process of degeneration were also seen. 


Megasporogenesis.—A short time before the floral organs attain their 
maximum length, a small protuberance appears at the bottom of the ovarian 
cavity; this is the young ovule. At first it consists of a mass of cells which 
are all alike, but soon a hypodermal archesporial cell becomes differentiated 
from the adjoining cells by its size and staining reactions (Fig. 16). At this 
stage the nucellus is straight but by further growth the ovule becomes 
completely anatropous. No wall cell is cut off and the primary archesporial 
cell enlarges and directly functions as the megaspore mother cell. Fig. 17 
shows a nucellus with a megaspore mother cell and the single integument. 
On reduction a linear tetrad of four megaspores is produced (Fig. 18). The 
nucellus is long and cylindrical but is very much reduced so that there is 
only a single cell layer round the megaspores. 


The lowest megaspore functions and the others quickly degenerate 
(Fig. 19). This enlarges and develops two vacuoles one on either side of the 
nucleus. About the same time when the nucleus of the functioning mega- 
spore divides to form the two-nucleate embryo sac, the single layer of nucellar 
cells begins to degenerate (Figs. 20 and 21) and by the time the four-nucleate 
stage is reached (Fig. 22) no trace of it can be made out and the embryo 
sac comes to lie directly within the jacket formed by the innermost layer of 
cells of the integument which become richly protoplasmic and elongated in 
the radial direction. After the four-nucleate stage the embryo sac elongates 
very much. The mature embryo sac is eight-nucleate and shows the usual 
structure typical of the angiosperms. The egg is a pear-shaped structure 
and the nucleus lies at the bottom in a dense mass of cytoplasm. In the 
upper portion there is a large vacuole occupying nearly two-thirds of the 
egg. The two synergids lie one on either side of the egg. They are densely 
filled with protoplasm at the micropylar end, and each has a large vacuole 
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at its lower end. The three nuclei at the lower end of the embryo sac 
organise to form the antipodal cells which will be discussed later on. The 
remaining two nuclei are the polar nuclei which meet in the middle of the 
embryo sac (Fig. 23). They fuse before fertilisation and the fusion nucleus 
moves upwards and comes to lie near the egg (Fig. 24). The mature embryo 
sac is broader in the middle and forms a slender elongated pouch-like 
structure in the chalazal region. 


To start with, there are usually three uninucleate antipodal cells 
arranged in a linear row. The nucleus may divide in any of the three cells 
or in all of them and the divisions are not followed by wall formation 
(Fig. 27). A similar condition has also been reported in Dahlia variabilis 
(Goldflus, 1898) and Tagetes signatus (Goldflus, 1898; Dahlgren, 1920). 


In some cases only two antipodal cells are formed of which the lower is 
uninucleate and the upper contains two nuclei (Fig. 24). The nuclei of both 
these cells may divide but here, too, there is no wall formation (Figs. 25 and 
26). Thus only two antipodal cells containing a large number of nuclei are 
formed. A similar condition has been noted in several other genera also in 
this tribe (Helianthoidez), viz., Bidens leucanthus (Dahlgren, 1920), Cosmos 
bipinnatus and Cosmidium burridgeanum (Tackholm, 1916), Helianthus 
annuus (Tackholm, 1916; Dahlgren, 1924), Zinnia grandiflora (Palm, 1931), 
Xanthium spinosum and Bidens tripartitus (Dahlgren, 1920). Palm (1931) 
studied Zinnia and reported that in most cases the two nuclei in the upper 
autipodal cell move to the centre of the cell where they fuse; relatively rare 
is the occurrence of four nuclei in this cell; when four nuclei have arisen, 
fusion between two of the nuclei may take place. Quite rarely the four 
nuclei remain separate. Nuclear fusions are said to be a more or less regular 
feature in the giant antipodal cells of Cosmidium (Tackholm, 1916). In 
Eclipta I have not been able to find nuclear fusion in any of the cells though 
several cases of the upper antipodal cell with four nuclei (Fig. 26) were 
observed. By the division in the two-celled antipodal region a large number 
of nuclei are known to be formed in Bidens leucanthus (Dahlgren, 1920), 
Cosmos bipinnatus and Cosmidium burridgeanum (Tackholm, 1916). 


Degenerations in the ovary have been observed in a number of cases. 
Fig. 23 shows an embryo sac in which the egg and the two synergids 


are degenerating, though the remaining nuclei are yet comparatively 
healthy. 


Pollen tubes enter by way of the micropyle. Actual double ferti- 
lisation was not seen but the presence of a pollen tube (Fig. 28) in all 
embryo sacs with young embryos is suggestive of its occurrence. 
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Endosperm and Embryo.—The primary endosperm nucleus divides 
before the fertilised egg. The first wall is transverse and the endosperm is 
cellular from the beginning, as in Tagetes signatus, Bidens tripartitus, Galinsoga 
parviflora, Xanthium spinosum and Silphium laciniatum (Dahlgren, 1920). 

The first division wall in the oospore is transverse (Fig. 28) as usual and 
separates a large proximal vesicular cell from a smaller terminal cell. Due 
to more rapid divisions in the endosperm this is already a several-celled 
tissue at this stage. After a three-celled proembryo is formed, the next 
division takes place in the terminal cell which divides by a vertical wall 
(Fig. 29). By further divisions the lower region of embryo becomes globular 
(Fig. 32) and a dermatogen is marked out. Later stages were not present 
in my preparations. 

4. Summary. 


1. The floral parts develop in the following succession :—petals, 
stamens, sepals and carpels. 

2. The divisions of the microspore mother cells are simultaneous. The 
microspores may be arranged tetrahedrally or isobilaterally. The tapetal 
cells form a periplasmodium. The pollen grains are trinucleate at the time 
of shedding and each of them has three germ pores. 

3. There is a single massive integument whose innermost layer forms 
an integumentary jacket surrounding the embryo sac. 

4. In the nucellus there is a single hypodermal archesporial cell 
which functions directly as the megaspore mother cell. 

5. The first and second divisions of the megaspore mother cell are 


followed by wall formation and a linear tetrad of four megaspores is formed 
of which the chalazal megaspore functions. 


6. The mature embryo sac is of the normal eight-nucleate type. The 
number of antipodal cells varies from two to three. When there are two 
antipodal cells the upper one contains two nuclei. The nuclei of the 
antipodal cells divide and the cells often become multinucleate. 


7. The endosperm nucleus divides prior to the division of the egg 
nucleus and the division is followed by wall formation. 


8. The first division of the fertilised egg is by a transverse wall. 
There is a short suspensor. 


In the end I regard it my pleasant duty to express my sincere thanks 
to Dr. P. Maheshwari for his valuable suggestions and keen interest during 
the course of the investigation. I am also indebted to Principal F. J. 
Fielden of the Agra College for having helped me in the translation of 
some difficult German passages. 
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Dahlgren, K. V. O. 
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Gustafson, Alton H. .. 


Howe, Thomas D. 
Merrell, W. D. 
Mottier, David M. 
Oppermann, Marie 
Palm, Bj. 

Do. 
Palm, B. T. 
Pope, M. A. 


Rosenberg, O. 
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EXPLANATION OF FIGURES. 


Fias. 1-4.—Development of the flower: Fig. 1. Appearance of petals; Fig. 2. Appear- 


Fic. 


Fic. 


Fia. 


Fia. 


Fia. 


Fic. 


ance of stamens; Fig. 3. Development of sepals and carpel; Fig. 4. A ray 
floret showing the developing petals, sepals and carpels. x 189. 

5.—Part of transverse section of a young anther showing an archesporial cell 
divided into primary wall cell and primary sporogenous cell. x 990. 

6.—Transverse section of an anther showing three wall layers, the innermost is 
the uninucleate tapetum ; and spore mother cells. x 990. 

7.—Longitudinal section of an anther lobe showing the binucleate tapetum and 
the spore mother cells in the prophase of reduction division. x 990. 

8.—Longitudinal section of an anther lobe showing the degenerated middle 
layer, the beginning of tapetal plasmodium and the just rounded up 
microspores. x 990. 

9.—Same, with well-developed tapetal plasmodium entering in between the uni- 
nucleate pollen grains which have got a well-developed exine beset with 
spines and a thickintine. x 990. 

10.—Same, the tapetal plasmodium has surrounded the pollen grains which are 
mostly binucleate. In one of the pollen grains the generative nucleus has 
divided to form two spindle-shaped male cells. x 990. 


11.—Tetrahedral tetrad of microspores. x 990. 
12.—Isobilateral tetrad of microspores, x 990. 
13.—Tetrahedral tetrad of microspores with two degenerating microspores. x 990. 


14.—A pollen grain showing the crescent-shaped generatiye cell and the tube 
nucleus. x 990. 


15.—A double pollen grain with three nuclei. x 990. 


16.—Longitudinal section of the nucellus showing the hypodermal archesporial 
cell. x 945. 
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17.—Megaspore mother cell and the single integument. x 945. 

18.—Tetrad of megaspores, the upper three are degenerating. xX 945. 
19.—Functioning megaspore and the three degenerated megaspores. x 945. 
20.—Two-nucleate embryo sac. xX 945. 


21.—Two-nucleate embryo sac, the two nuclei are at the two poles; the integu- 
mentary jacket and the remains of the nucellar tissue. x 945, 


22.—Four-nucleate embryo sac. x 945. 
23.—Mature embryo sac showing three uninucleate antipodal cells. x 945. 


24.—Mature embryo sac with two antipodal cells, the upper antipodal cell has 
two nuclei. x 945. 

25.—Antipodal region of an embryo sac showing two binucleate antipodal cells. 
x 945. 

26.—Same, showing two antipodal cells, the lower cell is binucleate and the upper 
one has four nuclei. xX 945. 

27.—Same, with three antipodal cells, the lower cell has four, the middle one has 
two and the upper one has five nuclei. x 945. 

28.—Longitudinal section of the ovule showing a two-celled embryo, cellular 
endosperm and the remains of the pollen tube. x 720. 

29.—A four-celled embryo. xX 720. 


. 30-32.—Stages in the development of the embryo. x 720. 
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STUDIES IN THE FAMILY AZL/SMACEZ. 
Il, Sagitiaria sagittifolia L.* 


By B. M. Jour, 
Department of Botany, Agra College, Agra. 


Received December 14, 1934. 
(Communicated by Dr. P. Maheshwari, D.sc.) 


IN a recent paper Prof. Dahlgren (1934) has described the development 
of the female gametophyte in Sagittaria sagittifolia and Echinodorus macro- 
phyllus. The hypodermal megaspore mother cell divides into two cells of 
which the upper usually degenerates, though rarely its nucleus may divide 
once before degeneration. The nucleus of the lower cell gives rise to the 
embryo sac. After the four-nucleate stage, the chalazal nuclei do not 
divide further, but the micropylar nuclei divide once giving rise to a six- 
nucleate embryo sac. This account essentially agrees with the earlier 
investigations of the same author on some other genera of the Alismacee 
(Dahlgren, 1928). My paper is called forth by the fact that the observations 
here recorded on S. sagittifolia differ in some respects from those of Prof. 
Dahlgren. I shall here chiefly deal with such points and also describe a few 
additional facts which are of some interest. 


Material and Methods. 

The first lot of material was collected from Lucknow in April, 1933. 
Another collection was made in March, 1934, from the same place. Formalin- 
acetic-alcohol, Allen’s modification of Bouin’s fluid and Nawaschin’s fluid 
were used for fixation. Of these, the last gave the best results. ‘The usual 
methods of infiltration and embedding were followed. Sections were cut 
8-12 microns thick. Heidenhain’s Iron-alum Hematoxylin followed by 
picric acid was used for staining the slides. 


Microsporogenesis. 

There is nothing unusual in the early development of the anther which 
follows practically the same course of development as observed by me in 
Limnophyton (Johri, 1935). There is a group of archesporial cells in each 
lobe, the peripheral cells of which cut off a primary parietal layer which 
divides periclinally to produce an endothecium, a single ephemeral middle 


* A preliminary report of this investigation has already been published (Jobri, 1934b). 
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layer and the tapetum. ‘The latter produces a periplasmodium as described 
by Clausen (1927, p. 19). 

The mother cells undergo two successive divisions and produce isobilate- 
ral tetrads. The development of the male gametophyte has already been 
described by Schiirhoff (1926) and my observations entirely agree with his. 
The mature pollen grain consists of a tube nucleus and two male nuclei 
which are surrounded by varying amounts of cytoplasm (Figs. 1 and 2). In 
one case I came across a double pollen grain with two nuclei (Fig. 3). These 
are evidently the nuclei of two microspores which failed to separate. 


Development of Carpels in Male Flowers. 


Carpels are entirely absent in the male flowers of Limnophyton (Johri, 
1935). Sykes (1909) has shown the presence of rudimentary carpels, 
developing up to the mother cell stage, in Sagittaria montevidensis. I have 
observed the same in the male flowers of S. sagittifolia and S. guayanensis 
(Johri, 1934a). In the former case the development goes as far as the 
four-nucleate stage of the embryo sac, but after this it stops because the 
pollen is shed and the flowers wither. Fig. 4 shows part of a section through 
a male flower in which a carpel marked ‘‘ X’’ has an ovule containing a 
four-nucleate embryo sac. This has been more highly magnified in Fig. 5. 
In S. guayanensis (Johri, 1934a) further development has not been seen after 
the megaspore mother cell has gone through the heterotypic division. 


The Ovule. 


There is a single anatropous ovule in each carpel but in one case I came 
across two ovules developing in the same carpel (Fig. 6). The second and 
abnormal ovule shown in this figure was very young and consisted of merely 
a nucellar projection with a hypodermal megaspore mother cell in the 
synizesis stage (Fig. 7). Dahlgren (1928) has figured a similar case of two 
ovules in Damasonium alisma, each with a two-nucleate embryo sac. The 
supernumerary ovule seems to have developed from the ovary wall, as in 
the present case. 

The Embryo Sac. 

The megaspore mother cell divides into two cells of which the lower 
develops into the embryo sac. Up to the four-nucleate stage the embryo 
sac develops in the normal way as described for the Scilla-type.t As 
described by Prof. Dahlgren (1928, 1934) the two chalazal nuclei do not 
undergo any further division and only the two micropylar nuclei divide 


Tt An abnormality was met with in the form of a two-nucleate embryo sac which 
had attained a specially large size (Fig. 8). 
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producing a six-nucleate embryo sac. Of the four nuclei formed at the 
micropylar end, three enter into the formation of the egg-apparatus and the 
fourth functions as a polar nucleus. Of the two nuclei at the chalazal end, 
one functions as the lower polar and the remaining one represents the single 
antipodal (Fig. 9). I have, however, found that in a number of cases, one 
(Figs. 10 and 11) or rarely both (Fig. 12) of the chalazal nuclei also divide, 
producing a seven- or eight-nucleate embryo sac. In the former case three 
nuclei are formed at the chalazal end, two of which function as the 
antipodals and the third is the lower polar nucleus (Fig. 11). In the latter 
case four nuclei are formed, of which three function as antipodals and the 
fourth is a polar nucleus (Fig. 13). Walls may or may not be organised 
round the antipodal nuclei. The number of the nuclei in the chalazal end 
may also increase by fragmentation or amitotic division of the lowest 
chalazal nucleus of the four-nucleate embryo sac. 


Since a knowledge of the number of nuclei actually present in the 
embryo sacs of different members of the Alismacez is an important point, 


S. latifolia 


(Schaffner, 1897) The earlier stages were not 


seen, 


S lancifolia 


Antipodals reported to be ephe- 
(Cook, 1907) 


meral, Earlier stages not seen. 


After the 4-nucleate stage, the 
two chalazal nuclei usually remain 
undivided; occasionally one or 
both of them may divide once. 
The mature embryo sacs may be 
6-, 7- or 8-nucleate. 


S. guayanensis 
(Johri, 1934) Q 


I find 7- and 8-nucleate embryo 
sacs also, as in S. guayanensis. 


S. sagittifolia (o\. 
(Dahlgren, 1934) © \o] (i 
45 
6 


Fic. 14. Chart showing the development of the embryo sac in species of Sagittaria. 1. Megaspore 
mother cell. 2. Heterotypic division. 3. Dyad. 4. Enlargement of the tower dyad cell. 
5—11. Development of the female gametophyte. 
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Name of plant and investi- 
gator 


Megaspore mother 


Megaspore 
formation 


Development of the embryo 
sac 


1 Sagittaria latifolia. 
(Schaffner, 1897) 


2. S. lancifolia. 
(Cook, 1907) 


3. Alisma plantago. 
(Dahlgren, 1928) 


4. Elisma natans. 


(Dahlgren, 1928) 


5. Damasonium alisma. 
(Dahlgren, 1928) 


6. Lchinodorus ranunculoi- 
des. (Dahlgren, 1928) 


7. macrophyllus. 
(Dahlgren, 1934) 


8. Limnophyton obtusi- 
folium. (Johri, 1934) 


9. Sagittaria sagittifolia. 
(Dahlgren, 1934) 


10. 


S. guayanensis. 


(Johri, 1934) 


cell 
Hypodermal ar- 
chesporial cell 


functions directly 
as megaspore mo- 
ther cell. 


Occasionally 
more than one ar- 
chesporial cell is 
found. 


Megaspore 
mother cell divid- 
es into 2 cells; 
upper degener- 
ates and lower 
produces the 
embryo sac. 


Do. 


Do. 


Do. 


normal _eight-nucleate 
embryo sac is formed. Some- 
times the antipodal nuclei 
organise into cells. 


Normal eight-nucleate em- 
bryo sac with three ephemeral 
antipodals. 


Nucleus of the lower cell 
divides twice and produces 
two micropylar and two cha- 
lazal nuclei. The latter do 
not divide further, while the 
former divide once and the 
embryo sac is six-nucleate. 


Do. 


Usually six-nucleate, but a 
single case is shown where 
one chalazal nucleus of the 
four-nucleate embryo sac is 
undergoing division. 


The primary chalazal nucleus 
does not divide further and 
the embryo sac remains only 
five-nucleate. 


Do. 


Usually six-nucleate, but 
sometimes seven- and rarely 
eight-nucleate embryo sacs 
are met with. 


Six-nucleate as in A/isma 
plantago. 


Usually six-nucleate, but 
seven- and _ eight-nucleate 
embryo sacs also occur. 
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Fertilisation 


Endosperm 


Embryo 


Remark 


Double fertilisa- 
tion occurs. 


Double fertilisa- 
tion observed by 
Nitzschke (1914) 
and Dahlgren 
(1928). 


Double fertilisa- 
tion occurs. 


Only triple fu- 
sion was seen. 


‘Double fertilisa- 
tion occurs. 


Helobiales type. A 
wall is laid down 
after first division of 
the primary endo- 
sperm nucleus. Then 
free nuclear divisions 
in the micropylar 
chamber. 


Do. 


Nuclear type. 


Helobiales type. 


Helobiales ty pe. 
An_ ephemeral cell 
plate formed after 
first division of pri- 
mary endosperm 
nucleus. 


Helobiales type. 


Alisma type 


Alisma type 


Alisma type 


The development of the embryo sac 
needs to be re-investigated. It is likely 
that it will conform to the type found in 
S. guayanensis. 


Do. 


Schaffner and Nitzschke were unable 
to trace the development of the embryo 
sac correctly. 


Embryology investigated by Lemesle 
(1929). 


This is a more reduced type than 
others, as indicated by the presence of 
only one nucleus at the chalazal end. 


Do. 


Seven- and eight-nucleate embryo sacs 
are also formed as shown in the present 
paper. Detailed account of embryo given 
by Souéges (1931). 
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I am here summarising the observations made so far with regard to species 
of the genus Sagittaria in the form of a chart. Casual reference will also be 
made to Alisma plantago (Schaffner, 1896), which has given rise to a greater 
difference of opinion than any other plant of the family. 


Schaffner (1897) who was the first to investigate the genus Sagiltaria, 
found eight nuclei in the full-grown embryo sacs of S. latifolia. On p. 255 
of his paper he says, ‘‘ The three antipodal nuclei are considerably smaller 
than the others and even at this early stage, before the conjugation of the 
polar nuclei and the act of fertilisation, they are often cut off by well- 
defined walls (Fig. 11).’’ Cook (1907) also observed three antipodal nuclei 
in the mature embryo sac of S. lancifolia, but he says, ‘‘ I was inclined to 
believe the antipodals in S. lanceolata not quite so persistent as he (Schaffner) 
found them in S. variablis.’ ~ Dahlgren (1934) has severely criticised 
both these investigators with regard to the presence of three antipodal cells 
in the embryo sac. He is of opinion that the two chalazal nuclei of the 
tetra-nucleate embryo sac do not divide further and thus there is a single 
antipodal nucleus and no more. In the embryo sac of Alisma plantago also, 
Schaffner (1896) claimed to have seen three antipodal nuclei. Even in such 
cases when he actually saw less than three nuclei, he was led away by the 
impression that the remaining nuclei must be lying in the adjacent sections. 
To quote his own words, ‘“ Often only two nuclei could be distinguished at 
the base of the embryo sac. But as it is quite narrow at this end the 
missing ones may have been in the adjacent sections, and there indistinguish- 
able from the nuclei of the surrounding tissue.’ Schaffner’s inconclusive 
statement and the fact that Dahlgren himself found only two nuclei at the 
chalazal end, gave the latter an opportunity to make a vigorous criticism of 
the former author. 

So far I have studied three plants of the family Alismacea—Limno- 
phyton obtusifolium (Johri, 1935), S. sagittifolia (Johri, 1934) and S. guayanen- 
sis (Johri, 1934a@). In all these three cases the embryo sacs normally remain 
six-nucleate due to a suppression of the last nuclear division in the chalazal part 
of theembryosac. In some cases, however, as mentioned above, seven- and 
eight-nucleate embryo sacs are also found. In view of these observations, 
it would not be surprising to find some embryo sacs with more than six 
nuclei in those plants also, which were investigated by Dahlgren, and a 
re-examination of the slides is very much to be desired. He has mentioned 
a single case of Damasonium alisma, where there is a possibility of the 
embryo sac becoming seven-nucleate (Dahlgren, 1928; Fig. 8h). In his 


t This was really S. latifolia, see footnote on p. 348. 
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work on S. sagittifolia he has sketched an embryo sac which gives the 
impression that this has two antipodal nuclei lying one upon the other 
(Dahlgren, 1934 ; Fig. 29, p. 609). He has, however, not drawn any atten- 
tion to this point. From a critical review of the question it seems to me 
that Schaffner and Cook were not entirely wrong though they did make 
a serious mistake in regarding the exceptional case as the usual one. 
Conclusion. 

A general discussion will be given in the last paper of the series. The 
above table (pp. 344-345) gives a comparative account of the embryology 
of all the plants of the family Alismacee@ that have so far been worked out. 


Summary. 


The embryo sac of Sagittaria sagittifolia 1,. follows the same lines of 
development as described by me for Limnophyton and Sagittavia guayanensis, 
and by Dahlgren for Alisma plantago, Damasonium alisma, Elisma natans, 
Echinodorus ranunculoides, E. macrophyllus and Sagittaria sagittifolia. The 
only important. fact that has been overlooked by Prof. Dahlgren is the 
division of the two chalazal nuclei of the four-nucleate embryo sac. 
Sometimes one, and rarely both of these divide, thus producing three or 
four nuclei in the chalazal end of the embryo sac respectively. One of 
these always funetions as the lower polar nucleus while the remaining two 
or three are the antipodal nuclei which may sometimes organise into 
definite cells. 

I am greatly indebted to Dr. P. Maheshwari for his kind help and useful 
suggestions throughout this work. 
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EXPLANATION OF FIGURES. 


Fias. 1, 2.—Tri-nucleate pollen grains. x 630. 


3.—A double pollen grain. x 630. 


4.—Section through male flower showing carpels. The ovule marked “ x ” has a 
four-nucleate embryo sac. x 40. 


5.—The same embryo sac further magnified. x 630. 
6.—L. S. carpel showing two ovules. x 96. 


7.—Enlarged view of ovule marked ‘‘ Y ” in Fig. 6 showing the megaspore mother 
cell in synizesis. x 630. 


8.—An unusually big two-nucleate embryo sac. x 630. 
9.—A mature six-nucleate embryo sac. xX 630. 


. 10.—A young seven-nucleate embryo sac. xX 630. 
. 11.—The same, older stage. xX 630. 


Fig. 12.—A young eight-nucleate embryo sac in process of formation. x 630. 


. 13.—Lower part of an eight-nucleate embryo sac. The three antipodal nuclei have 


organised into definite cells. x 630. 


2 This was really Sagittaria latifolia, Schaffner himself acknowledged the mistake in 


a later communication (see Ohio Nat., 1908, 8, 255-258). 
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Received December 20, 1934. 


7. Introduction. 


In these notes a short description will be given on the blood parasites found 
in some Indian birds which eventually came to my hands. ‘The work is 
not a systematic one as owing to many other official duties I can but spare 
very little time to such investigations. 


There is one point which I am wishing to insist upon: it concerns the 
nomenclature of the species of the parasites found in birds. As far as 
concerns Hemoproteus, no proofs have been given that one and the 
same species of Hamoproteus may occur in different birds. Secondly, the 
morphological data and the tinctorial reactions are sometimes so different in 
the Hemoproteus of the different birds that no morphologist would have any 
doubt to name the species, at least, according to the host in which it occurs. 
So, in this work the species will be named according to the host and if the 
morphological elements are clear enough to establish more than one species, 
the second one will have another name. 


As far as concerns the soidisant bird malaria: the designation Pro- 
teosoma is definitely discarded in this work, as neither zoological nor 
genetic reasons plead for keeping this generic name. ‘The writer does not 
agree with Doflein! and others who still claim for retaining this designa- 
tion, neither that all the species found in birds may belong to one single 
species, the so-called Proteosoma precox. No doubt that one strain from 


sparrows, for instance, can be inoculated to canaries, larks, goldfinches, etc., 


but if in the canary itself Hartmann is able, on morphological grounds, to 
differentiate three species of Plasmodium? and Russel? a fourth one, it is 
not logical that we should identify all species of birds Plasmodia having a 
remote appearance with P. precox as a true Proteosoma precox, unless definite 
proof through inoculation, etc., be obtained that a given plasmodid of a bird is 
not really but the P. precox of canaries and sparrows. So, in this work the 
plasmodids will be also named according to the host and when the 
appearance is much alike to the cycle of P. precox, this similarity will be 
noted. 
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Whenever possible, specially when the infection is a heavy one, 
attempts will be made to work on the schizogonic cycles, which will 
probably constitute an object of special papers. 

The list of the blood parasites joint to the book of Wenyon‘ has been 
to me of great help. 


The films have been made after shooting the bird, and prepared some- 
times in loco, sometimes three to four hours after. The films have been 
stained by Romanowsky (Leishmann, May-Grunwald-Giemsa), in special 
cases by other methods which will be quoted in every case. The illustra- 
tions have been prepared always from Leishmann stained films in order to 
put into evidence the morphological and tinctorial differences seen in the 
slides. 

I. Herodias intermedias Wagler. 

This heron (1 specimen) has been shot in the lake of Carambolim, 
Department of Ilhas Goa, and identified by our colleague in the Academy, 
Prof. Narayan Rao, from the Zoological Department of the Central College, 
Bangalore, to whom my best thanks are due. 


4 
80 microns. 
Microfilaria of Herodias intermedias. 

Slides from blood of the heart and smears of the lungs, stained by 
Ieishmann stain and panoptic method. As far as I am aware, among the 
birds of the genus Herodias, only H. alba has been examined on this point of 
view in Belgian Congo by Rodhain, Pons, Vandenbranden and Bequaert 
(1913) who registered a Hemoproteus in the blood of this congolese heron. 
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Our specimen gave the following parasites :— 


(a) A Giardia, in very scanty number. Under the name Gvardia 
sanguinis Gonder (quoted in Wenyon, Doflein) described this flagellate in 
the blood films of a falcon shot in Transvaal. Wenyon* thinks that it 
was due to an intestinal contamination. As the intestines were not touched 
by me when making the blood films, I am rather inclined to suppose that 
there was perhaps a migration of the intestinal flagellates to the blood after 
the animal was shot. The intestines were full of Giardia, which will be 
described in a special paper. 

(6) A Plasmodium which I will name Plasmodium herodiadis n. sp. 
The infection is not very heavy. The small schizont has a ring form with 
the chromatic dot either granular or rod-like. Some forms in a little 
more advanced stage of development have a pyriform appearance, with one 
pointed end. The grown-up schizonte or trophozoite is roundish or aberrant 
and does not occupy more than one quarter of the red cell. It is full of 
pigment granules of different sizes and irregularly scattered, the colour of 
the pigment being brownish black. The chromatin is either a grain ora 
batonnet, this last form seeming the first stage of division. Rosettes with 
five or ten chromatinic bodies, the complete formation of merozoites having 
not been found. Gametes roundish, pigmented, with round nucleus. Some 
gametes somewhat oval, with a strong, irregular nucleus are interpreted as 
male gametocytes. This plasmodid is perfectly distinguishable from the 
Hemoproteus which is found in the same blood, not only by its form, but 
specially because the nucleus is always stained in vivid red whilst that of 
Hemoproteus shows a pale rose colour. ‘The red cells are not altered. 

(c) A Hemoproteus, which I will name Hemoproteus herodiadis sp. n.(?) 
and is perhaps similar to that found in the Herodias alba by the Belgian 
authors. Parasites were found in greater number than the former ones. 
Sexual dimorphism of the gametocytes characterised only by the tinctorial 
reaction of the protoplasm to Romanowsky: whilst light blue, alveolar in 
females, it is colourless, almost white in males. No sexual difference on the 
distribution of the pigment, as it happens in so many species of this genus. 
Here, the pigment is irregular in form, in the size of granules and its 
distribution, either in males or in females. The colour of the pigment is 
brown black. 

Concerning the form of the gametocytes, it is roundish oval in young 
stages tending to an incomplete halteride, with regular borders, rarely 
attaining such a grown-up halteride which embraces the nucleus of the red 
cell as in many other species. It is not rare to see fusiform or irregularly 
bent forms, such irregularities being seen specially in female gametocytes. 
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One thing that I have remarked in this species is that in the protoplasm 
of the female halteride there are sometimes small rings, violet coloured, 
isolated or in clusters which I have not seen in any other species I have 
worked with. Their violet staining contrasts with the pale rose colour of 
the nucleus. And what is more curious is that such rings I have detected 
too in the protoplasm itself of the red cell. One should be inclined to 
consider such rings as rings of Cabot, but their presence in the parasite leaves 
me very reserved on their nature. 

No schizogonic form was seen in the smears of organs, but smears are 
not, d’ailleurs, the proper means for such study. ‘The host cells are not 
altered. 

(24) A Microfilarium.—The infection was so rare that only one specimen 
was discovered by chance in a blood smear. Provided with sheet, the 
nuclei beginning at 8 microns from the anterior end, rounded. Posterior 
end pointed. Four spots, the median one somewhat in V form. Largest 
breadth 10 microns. The figure gives an exact idea of the parasite. 


Il. Gallinula chloropus Linn. 


One specimen, shot in the lake of Carambolim. Identified by Prof. 
Narayan Rao. ‘The blood of this bird has given to Coles (1914) in England 
(quoted by Wenyon) a Leucocytozoon. We have not found it in our specimen 
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30 microns. 380 microns. 
Hemoproteus of Machlolophus Plasmodium and Leucocytozoon 
xanthogenys. of Chloropsis aurifrons 
davidsoni. 


380 microns. 
Red cell of Herodias intermedias. 


t i = 
80 microns. 
Plasmodium of Gallinulu 
chloropus. 
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but a Plasmodium, which we will name Plasmodium gallinule nu. sp. and we 
will describe now. 


Infection very scanty. Intraglobular forms very rare and seen only 
in young stages, which are annular, under the form of very regular rings. 
If some of them are with a slight trace of blue protoplasm as in young 
rings of Pl. falciparum, others, probably in a further stage of development, 
show the protoplasm more deeply and extensively blue. Will it be the 
first stage of a gametocyte? Itcannot be definitely decided. The schizont 
at a further stage is oval and of increased size. The infected red cell is 
hypertrophied and, I suppose, that completely lysed afterwards, in spite of 
having not seen such figures. The large pigmented trophozoite of aberrant 
ameboid form which is shown in the illustration seems to me provenient 
of the supposed desagregation of the red cell. The pigment is brown-black, 
brownish or almost black. 


The gametocytes are formed inside the red globules. They are the 
main plasmodid stages seen in our preparations and show a clear sexual 
dimorphism. ‘The female gametocytes stain in a compact and deep blue, 
have a large nucleus, the pigment granules are rather in larger dots, the male 
gametocytes are roundish or oval, alveolar, the nucleus constituted by 
many chromatic rods irregularly connected, the pigment granules smaller 
and more or less scattered through the protoplasm. 

I was not able to detect any divisional stage either in blood films or 
in organ smears. The morphological appearance of this plasmodid is very 
different from that of P. precox of Canaries. 

III. Machlolophus xanthogenys (Vigors). 


Plimmer in 1912 recorded a Hemoproteus in the blood of this Indian 


Our specimen, shot at the village of Siroda, of the Department of 
Pond4, has been identified by Dr. Baini Prashad from the Zoological Survey, 
Indian Museum, and to him my best thanks for the help he so many times 
has given me. 

A Hemoproteus has been also seen in our preparations. Infection not 
very abundant. Theinfected cell is hypertrophied, the nucleus not 
displaced. Sexual dimorphism of the gametocytes constituted by the 
tinctorial reactions of the protoplasm which is, with Leishmann stain, grayish 
blue in the female and clear, almost white in the male. The pigment is 
constituted by rather minute dark brownish granules not very abundant 
irregularly scattered over the protoplasm in the female, showing a tendency 
to collect in the poles in the male. The outline of the female is very 
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irregular, denticulated as it can be seen in the figures whilst in males 
the lines are regular. Haltherid forms not very conspicuous as in other 
species of this genus. Nucleus pale rose, subcentral. 


Moreover in the general morphology which we have described we 
insist on the greyish blue tone of the female protoplasm as one of the 
characteristic of this species. 


We are convinced that this Hemoproteus is the same as that studied 


by Plimmer. Should it not have been named, we will baptise it under the 
name Hemoproteus machlolopht. 


IV. Chloropsis aurifrons davidsoni Baker. 


The list of Wenyon gives Chloropis (sic) aurifrons from India as 
harbouring Plasmodium precox and Hemoproteus according to Dr. H. H. Scott. 
I think that it is the same bird and Chloropis a typographic mistake. 


30 microns. 


Microfilaria of Chloropsis aurifrons davidsoni. 


Our specimen identified by Dr. Baini Prashad was shot at Mardol, 


Department of Ponda and did not show any Hemoproteus, but the following 
parasites : 


(a) A Plasmodium.—Young schizonts annular resembling those of 
Plasmodium falciparum. larger schizonts under the form of big 
pigmented rings, the pigment granules being of brownish colour. Rosettes 
with (or without) pigment, situated generally on the periphery, varying 
number of merozoites going from 6 to 11 in our slides. Male gametocytes 
oval with large irregular nucleus. Female gametocytes roundish, generally 


very deeply stained in blue with round or oval, rod-like, nucleus. Red 
corpuscle not altered. 
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I believe that this Plasmodium is the same as that registered by 
Dr. H. H. Scott as P. precox, but I do not agree with such identification. 
Although having a general resemblance with P. precox specially as far as 
concerns the multiplication stages and the irregular number of merozoites, 
the nucleus of these merozoites is totally different in its compact structure 
from the ring nucleus of the precox merozoites. The oval male gametocytes 
are also to be considered. 


I will describe further on the morphology of P. precox as it is found in 
canaries and sparrows in India, to render more evident that the species 
parasite of Chloropsis cannot be identified with P. precox, at least on 
morphological grounds. 


I will name it Plasmodium chloropsidis (Scott, 1925) mihi 1934. 


(6) A Leucocytozoon from which I can at present only record the 
species, hoping that with further material I will be able to say something 
about the life cycle of this genus—a problem yet unsolved and one of the 
most fascinating among those connected with Hemoprotozoa. 


The name Leucocytozoon was given by Danilewsky® for certain un- 
pigmented parasites of the blood of birds which, he stated, were included 
“non dans une hematie, mais dans un leucocyte en état de dégénerescence ’’. 
They have been found in many birds and generally under two types: one, 
contained in cells with elongated fusiform points, the other in roundish 
cells whose nucleus encircles more or less the parasite. Léger® has 
suggested that it would be convenient to designate these two forms under 
two generic different names as “la cellule héte est dans certain cas un 
hémotoblaste, dans d’autres cas un mononucléaire, jamais indifféremment 
l'un ou l’autre.”” As regards the nature of the host cell the opinions are 
also very different. Mathis et Léger? claim for the following formula: host 
cell fusiform=erythroblast ; host cell roundish=mononuclear leucocyte. 
In the final note of their paper they state: ‘‘ distinguer deux catégories de 
Leucocytozoon suivant la nature de la cellule héte parasitée, ce serait a 
notre avis, prématuré.’’ One must not forget that Wenyon‘ has written: 
“Working with L. neavei, the writer noted that whereas in fresh blood 
preparations all the parasites were in spindle-shaped cells, in dried films, 
especially if made some time after the date of the bird, there was a much 
greater diversity of shape, many of the parasites being spherical, while the 
cells appeared to have lost their tail-like prolongation.” 


Mathis et Léger? say that Danilewsky who at first thought that the 
host cells were degenerated leucocytes, later on considered them hemato- 
blasts. Their opinion is followed by Sambon. Wenyon, Keysselitz and 
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Mayer classify such cells as erythroblasts. Laveran and I,ucet believe that 
the I,. of the Turkey is included in white corpuscle, Woodcok thinks that 
L. fringillinarum infects a mononuclear. Franca® classifies the host cell 
of L. laverani par. of Garrulus gleodarius I,. as a mononulear leucocyte, that of 
the young forms of L. mathisi par. of Accipiter nisus as an hematia. In 
another paper’ Franca says that the nature of the infected celi can be 
determined only when the parasite is very young “‘ parce que les L,. altérent 
de bonne heure et profondément la nature de la cellule héte. Ce n’est pas 
la forme de la cellule héte qui determine la configuration du parasite, mas 
bien la forme de celui-ci qui cause celle de la cellule héte.’’ He described 
also some pigmented forms, the nature of this so-called pigment being denied 
by Léger? in L. zucarellit par. of Corvus corone, where the granules should 
be identified with the ‘‘ acidophil granulations’’ described by André Léger et 
P. Husnot in Melierax gabar from Soudan where the authors registered 
two I,., one in fusiform cells, other in round cells, quite different one from 
another.!0 Léger finds the L. of Corvus corax in a lymphocyte, the 
L. ziemanni of Asio accipitrinus in an erythroblast.! 

If we turn now our attention to the study of the Schizogony of Leuco- 
cytozoon we see that the problem is far from being solved. One of the 
difficulties for such study is certainly that the infection is generally scanty 
in adult birds and only young animals give a chance for the finding of 
schizogonic stages. The description of Fantham! has not been confirmed by 
others. Moldovan!’ !4 describes young schizonts in lymphocytes or erythro- 


blasts with 12-20 sometimes 30 nuclei (merozoites) in the organs in acute, 
very heavy infections. 


I have not the pretension, neither is this an adequate occasion, to 
deal exhaustively with the literature on this subject. It will be done when 
better opportunities allow the writer to study this question more accurately 
and with more abundant and proper material. In any case, what has been 
stated will to a certain extent show how fascinating is the problem of 
Leucocytozoa and give perhaps to others, possessing a better material an 
excellent chance for the resolution of the problem. 


The Leucocytozoon of our Chloropsis has not been studied in fresh blood 
but in films prepared just when the bird was dying. So the appearances 
seen cannot be attributed to some deformation due to making films some 
time after death as it has been pointed out by Wenyon. The parasites 
belong to the round type. There is sexual dimorphism in the gametocytes, 
distinguishable not by the staining of the protoplasm, which seems the 
same in both cases, deep blue, but by the appearance of the nucleus: 
whereas on female gametocytes it is roundish or oval, weakly stained in 
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pale rose or not staining at all by Romanowsky (Ieishman, May Grunwald- 
Giemsa), in male ones it is long, threadlike, irregular, staining in violet. 
The infection was very scanty and I must work in future with young birds, 
catching them on their nestle to see whether the advice given by Franca 
and confirmed by Léger will be of some profit in this case giving us a more 
abundant material. The shape of the parasites is round or oval. The 
protoplasm has many alveols and rarely some violet granules which have a 
chromatic tinge and are not at all of pigment nature. I cannot say anything 
on the nature of the infected cell whose appearances are figured in the plate. 
If generally the encircling mass is of nuclear nature, of such an irregular 
shape that I do not dare to make any hypothesis on its nature—specially 
because a study should be made at first on the normal Hematology of 
birds—there are rarely cases in which it shows an hemoglobinic (?) staining. 
I will only point the fact without any comment or hypothesis, which 
should be at present a mere speculation. 

For this species which this note has only the intention to record I will 
give the name Leucocytozoon chloropsidts. 

(c) A Microfilarium was present in large numbers in the blood and in the 
smears of organs. The nuclei are disposed in one compact column ending 
near the anterior pole by two bands. Anterior pole roundish, posterior one 
pointed. Three spots, the middle one in V. Cuticula with transverse 
striation. 90 to 120 microns long. 6 to 8 microns largest breadth. 


Summary. 


The following parasites of Indian birds found in Géa are described or 
recorded :— 


(1) Herodias intermedias Wagler: a Giardia abundant also in the 
intestine and which will be described later on; Plasmodium herodiadis n. sp. ; 
Hemoproteus herodiadis n. sp? ; a Microfilaria. 

(2) Gallinula chloropus 1,. Plasmodium gallinule n.sp. 

(3) Machlolophus xanthogenys (Vigors): Haemoproteus  machlolopi 
(Plimmer, 1912). 


(4) Chloropsis aurifrons davidsoni Baker : Plasmodium chloropsidis (Scott, 
1925) ; Leucocytozoon chloropsidis n.sp. ; a Microfilaria. 
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Plasmodium of Chloropsis aurifrons davidsoni Baker. 


Leucocytozoon of Chloropsis aurifrons davidsoni Baker, 


Hemoproteus of Machlolophus xanthogenys ( Vigors). 
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ON THE STRUCTURE AND MECHANISM OF THE 
GASTRIC MILL IN DECAPODA. 


Il. A Comparative Account of the Gastric Mill in Brachyura. 


By S. S. PATWARDHAN, M.Sc., 
Department of Zoology, College of Science, Nagpur. 


Received December 20, 1934. 
(Communicated by Prof. M. A. Moghe, M.A., M.Sc., F.Z.S.) 


7. Introduction. 


IN my previous paper (1934) dealing with the structure and mechanism of 
the gastric mill in P. guerini, it was shown how the presence of the gastric 
mill and simple masticatory appendages is correlated with the nature of 
the food material, the digestive and absorptive mechanism and the habit 
and habitat of the crab. In the present communication it is proposed to give 
a comparative account of the gastric mills of a number of representative 
Brachyura. Incidentally an attempt is made to collect further data on 
correlation of these structures with the various factors mentioned above. 


2. Material and Method. 


The material consisted of specimens obtained from the Biological 
Supplies Stations at Ennur and Plymouth. The twelve types examined 
and described in this paper represent all the five tribes of the sub-order 
Brachyura and represent the following eleven families :— 


Tribe Family 
Dromiacea Dromiide Dromia rumphii (Fabr.)! 
Oxystomata Calappidz Matuta victor (Fabr.)! 
Leucosiide Philyra globosa (Fabr.)! 
Cyclometopa Corystidz Corystes cassivelanus* 
Cancridz Cancer Pagurus® 
Portunidee Neptunus sanguinolentus (Herbst.)! 
Xanthidze Pilumnus hirtellus? 


Telphusidee Paratelphusa guerini (M. Edw.)* 


1 Obtained from Ennur. 
2 Obtained from Plymouth. 
3 Collected locally. 
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Tribe Family 
Oxyrhyncha Maiidee Macropodia longirostris* 
Parthenopide  Lambrus! 
Catometopa Gecarcinidee Cardisoma carnifex (Herbst.)! 
Graspide Graspus strigosus (Herbst.)! 


The material in some cases was not very suitably preserved for the 
dissection of minute parts but the foregut with its chitinous lining was 
always intact. Three specimens of each type were dissected. The following 
description is confined to the general anatomy of the cardiac and the pyloric 
stomach and the principal ossicles of the gastric mill. A diagram of the 


main ossicles of the gastric mill, all viewed on the same plane, is provided 
with in each case. 


3. The Cardiac and the Pyloric Stomach. 


(A) The Cardiac Stomach—The Brachyura have a dorsoventrally 
flattened body which, in the thoracic region, is always broader than long. 
Correlated with the flattening of the body, the cardiac stomach is a 
subspherical sac also slightly flattened dorsoventrally and possesses the 
following characteristic features which are common to all the types 
examined by me and have an important bearing on the alimentation of 
food :—- 

(a) The ventral grooves.—The floor of the cardiac stomach is limited | 
on either side by a deep groove (Part I, Fig. 2; v.g.), which leads 
backwards along the sides of the cardiac pyloric valve and opens into the 
ventral chamber of the pyloric stomach. This groove is covered over by 
linear rows of elongated setz. ‘These sete drive backwards the food 
particles received in the groove. The ventral groove also acts as a channel, 
which, according to Yonge (1924), brings digestive juices from the midgut 
into the cardiac stomach. 

(b) The lateral accessory teeth—On the lateral wall of the cardiac 
stomach, anterior to the lateral tooth of the gastric mill, lie a group of 
chitinous spines known as the lateral accessory tooth (Part I, Fig. 2; /.a.t.). 
The number and shape of the spines which constitute the lateral accessory 
tooth are variable. The tooth consists of a single stout spine in Philyra 
(Fig. 11; /.a.t.), of three small spines in Corystes, Macropodia and Cancer 
(Figs. 4, 5 and 10; /.a.t.), while in Pilumnus, Neptunus, Dromia, Graspus, 
Matuta and Cardisoma (Figs. 1, 2, 3, 6, 7 and 8; l.a.t.) the spines are small 
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rose-thorn-like and their number exceeds four. In Lambrus, the spines are 
of unequal size and are probably more than four in number (Fig. 9; /.a.t.). 
The function of the lateral accessory teeth is not known. Probably during 
the peristaltic movements of the cardiac stomach, they may tear and 
lacerate the food received in the cardiac stomach. 

(c) The cardiac pyloric valve.—The cardiac pyloric valve (Part I, Fig. 2; 
c.p.v.) guards the cardiac pyloric opening (0.). It is usually a calcified 
triangular plate which may be flat or curved. The apex of the plate points 
backwards and may be either pointed as in Neptunus, Macropodia, Graspus, 
Matuta, Cardisoma and Cancer (Figs. 2, 5, 6, 7, 8 and 10; c’p.v.) or more or 
less truncated as in Pilumnus, Dromia, Corystes and Lambrus (Figs. 1, 3, 4 
and 9; c.p.v.). It is generally covered over with elongated sete pointing 
backwards but in some forms, e.g., Cardisoma (Fig. 8) and Paratelphusa it 
is covered by a thick corrugated layer of deeply pigmented chitin which 
indicates that the cardiac pyloric valve gets rubbed over by the to and fro 
movements of the median tooth of the gastric mill. 

(d) The gastric mill_—Typically there are ten ossicles in the gastric 
mill arranged as follows :—Three ossicles, a median mesocardiac and a pair 
of lateral pterocardiac ossicles, form an anterior arch which is convex 
anteriorly ; five ossicles, a median pyloric and two pairs of lateral ossicles, 
the inner exopyloric and the outer zygocardiac ossicles bearing the lateral 
teeth, form the posterior arch which is convex posteriorly. The outer ends 
of the lateral ossicles of the two arches, 7.e., of the pterocardiac and the 
zygocardiac ossicles of the same side, are connected to one another by a 
ligament. The mesocardiac and the pyloric ossicle are connected to one 
another by a median column of two ossicles, the anterior urocardiac bearing 
the median tooth and the posterior prepyloric ossicle. While these ten 
ossicles are typically present in all the Brachyura examined by me, they 
vary in different members of the group in shape, size and arrangement. A 
comparative account of each ossicle is detailed below. 

(1) The Mesocardiac Ossicle—The mesocardiac ossicle forms the key- 
stone of the anterior arch of the gastric mill. In Pilumnus, Neptunus, 
Dromia, Macropodia and Lambrus (Figs. 1, 2,3, 5 and 9; m.c.) it is a triangu- 
lar plate, the apex of which points forwards and may be more or less 
truncated. ‘The sides of the plate are usually curved. In Corystes, Matuta 
and Cancer (Figs. 4, 7 and 10; m.c.) the mesocardiac ossicle is an oblong 
plate with its long side along the transverse plane. The sides of the plate 
are either straight or curved. In Graspus, Cardisoma and Philyra (Figs. 
6, 8 and 11; m.c.) it is a narrow elongated strip-like plate. In all cases it is 
laterally connected to the pterocardiac ossicle while at its base it is very 
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firmly ankylosed to the urocardiac ossicle. The large anterior gastric 
muscles are inserted on the mesocardiac ossicle or as in Paratelphusa (Part I, 
Fig. 8A; a.g.) partly on the mesocardiac and partly on the pterocardiac 
ossicle of its side. 

(2) The Pterocardiac Ossicles.—The pterocardiac ossicles in all the 
Brachyura examined by me were more or less similar, 7.e., flat, elongated and 
wedge-shaped plates (Figs. 1 to 11; fi.c.). In Astacus (Huxley, 1880) (and 
in many other Macrura examined by me and to be described in a subse- 
quent paper), the pterocardiac ossicle is a much smaller ossicle than it is in 
Brachyura. ‘This small size is invariably correlated with the large size of 
the mesocardiac ossicle. It is noteworthy of all Brachyura that the 
mesocardiac ossicle is a much smaller ossicle and the pterocardiac ossicles 
are comparatively larger. 


(3) The Zygocardiac Ossicles.—-These are the stoutest and the largest of 
all the ossicles of the gastric mill. Each zygocardiac ossicle is roughly a 
triangular plate projecting into the cavity of the cardiac stomach from each 
side (Part I, Fig. 2; z.c.). Laterally it is prolonged into a rod-shaped process 
which runs upwards and is connected to the pterocardiac ossicle of its side. 
Posteriorly it is connected to the exopyloric ossicle. Its median edge bears 
a number of denticles and ridges which constitute the lateral tooth. In all 
the Brachyura examined by me, the zygocardiac ossicle resembles the 
typical form just described. The number of the denticles and the ridges 
of the lateral tooth is variable in different forms. Thus in the small-sized 
forms, e.g., Pilumnus, Macropodia, Graspus and Philyra (Figs. 1, 5, 6 and 
11; 1.2.) it is composed of two or three large denticles situated anteriorly. 
These are followed by a vertical row of thin ridges. In the remaining forms 
the number of denticles varies from two to four and the vertical ridges are 
numerous and thick. The ridges and the denticles do not lie in the same 
plane but form a curved row with the convexity pointing downwards. The 
denticle and ridges of the lateral tooth, as also of the median tooth, are — 
invariably covered with a thick layer of cuticle which has a shining surface 
and which is impregnated with the brown or yellow pigment. This colora- 
tion is always associated with those parts of the hard structures which 
masticate food material. It is interesting to note that a similar colour is 
developed on the molar processes of the mandibles in prawns or in the thick 
chitinous lining of a bird’s gizzard. 


(4) The Exopyloric Ossicles.—'These are so called because they lie one on 
each side of the pyloric ossicle. Each exopyloric ossicle is typically a 
triangular plate with its apex facing downwards. It is wedged between the 
pyloric ossicle and the zygocardiac ossicle of its side. It always affords 
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insertion for the outer posterior gastric muscles (Part I, Fig. 8A; 0.p.g:), 
The shape of the ossicle varies a little in different Brachyura examined by 
me, e.g., in Graspus (Fig. 6; ex.p.) it is very elongated and in Cardisoma 
(Fig. 8; ex.p.) it is roughly four-sided. 

(5) The Pyloric Ossicle-—The pyloric ossicle is the key-stone of the 
posterior arch of the gastric mill. It is really composed of a pair of ossicles 
which lie on either side along the median line and are connected to one 
another by a membrane which may be more or less calcified. In Neptunus, 
Dromia, Corystes, Macropodia, Matuta, Cancer and Philyra (Figs. 2, 3, 4, 5, 7, 
10 and 11; #.) the paired appearance is obliterated, while in Pilumnus, 
Graspus and Cardisoma (Figs. 1, 6 and 8; #.), it shows a paired appearance 
as the connecting membrane is feebly calcified and thin. Anteriorly the 
pyloric ossicle develops a more or less horn-like process on either side, 
Between these processes it encloses the base of the prepyloric ossicle. The 
pyloric ossicle gives attachment to the inner posterior gastric muscles (Part I, 
Fig. 8A; 7.p.g.). 

(6) The Urocardiac Ossicle-—The urocardiac ossicle is an elongated 
flattened plate running obliquely downwards along the middle of the roof of 
the cardiac stomach (Part I, Fig. 2; w.c.). Anteriorly it is connected to the 
base of the mesocardiac ossicle, while posteriorly it is joined to the lower 
end of the prepyloric ossicle. It is more or less rectangular in shape as in 
Pilumnus, Neptunus, Corystes, Macropodia, Lambrus and Cancer (Figs. 1, 2, 4,5, 
9 and 10; w.c.), but in other forms, e.g., Dromia, Graspus, Matuta and Cardi- 
soma (Figs. 3,6,7 and 8; w.c.) its lateral edges are curved inwards so as to 
give it an appearance of a flat wine bottle. On the posterior half of its 
ventral surface it bears a number of denticles which together constitute the 
median tooth. The latter shows interesting modifications in the number, 
size and configuration of the denticles. In Matuta, Lambrus and Cancer 
(Figs. 7,9 and 10; m.t.), the median tooth consists of a single large U-shaped 
denticle and a pair of small lateral denticles. In Dromia and Philyra (Figs. 3 
and 11; m.t.) the single median denticle is heart-shaped. In some forms, ¢.g., 
Pilumnus, Neptunus, Macropodia and Graspus (Figs. 1,2,5 and 6; m.t.) the 
median tooth consists of two oval denticles placed one behind the other. In 
Cardisoma and Paratelphusa (Fig. 8; m.t., and Part I, Fig. 5; m.t.), the 
median tooth is very large and is composed of six or three large rhomboid 
denticles of different sizes placed one behind the other along the median line. 


(7) The Prepyloric Ossicle—-The prepyloric ossicle is usually a thick 
triangular plate lying obliquely vertical with its apex pointing downwards. 
Its apex is always bifid and is firmly fixed to the lower or posterior end of 
the urocardiac ossicle. Its base is enclosed within the two horn-like 
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processes of the pyloric ossicle. The base and the sides of the prepyloric 
ossicle may be more or less straight as in Neptunus (Fig. 2: pr.p.) but more 
usually, ¢.g., Pilumnus, Corystes, Macropodia and Lambrus (Figs. 1, 4, 5 and 9; 
pr.p.), the three sides of the triangular plate are deeply curved towards the 
middle of the plate, giving it an appearance of a Y. The prepyloric ossicle is 
always densely calcified but in Cardisoma (Fig. 8; pr.p.) the middle portion 
is thin and membraneous and the ossicle looks as if it is perforated in the 
middle. 


(B) The Pyloric Stomach.--The pyloric stomach is always short, narrow 
and is constricted off from the expanded cardiac stomach. The structure of 
the pyloric stomach in P. guerini, described in my previous paper (1934) 
may be taken as typical of Brachyura. It is divided into an upper and a 
lower chamber by a pair of lateral folds. The ventral chamber is always 
modified into a characteristic filtering apparatus, while the upper chamber is 
comparatively simpie. The opening between the cardiac and the pyloric 
portions of the stomach is guarded by the cardiac pyloric valve already 
described, and in Neptunus and Paratelphusa there is a pair of lateral valves 
near the dorsal portion of the opening. 


The opening between the pyloric stomach and the midgut is typically 
guarded by four valves which are elongated and are lined with elongated 
sete along the margin. The four valves are typically arranged as follows: 
one from the roof, one from each side and one from the floor of the pyloric 
stomach. Such a typical arrangement is found in Lambrus and Macropodia. 
In Cardisoma, Neptunus, Dronia, Pilumnus and Graspus the dorsal valve is 
split into two. In Cardisoma and Paratelphusa the ventral valve is also 
similarly forked. The wall of the pyloric stomach also supports a number of 
variously shaped ossicles. The filtering apparatus, the chitinous framework 
and the elaborate valvular mechanism regulate the passage of food to the 
midgut and prevent its regurgitation into the foregut. 


(C) The Midguti—A word about the midgut and the hepatopancreas 
would not be out of place. In all the Brachyura examined by me, the 
midgut is extremely shortened, only a few millimetres in length. It is 
provided with three cece. The connection of the pyloric stomach and the 
midgut is marked by a pair of lateral elongated cece, while a third dorsal 
cecum probably marks the commencement of the hindgut. The hepato- 
pancreas is a massive, paired, lobulated structure lying on either side of the 
foregut. Essentially each lobe is a mass of short branching tubules which 
are connected together to form a single duct opening into the midgut. Each 
tubule is lined by a layer of variously modified epithelial cells having diverse 
functions. (For details of the structure and function of the hepatopancreas 
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see Yonge, 1924.) It has already been remarked in my previous paper that 
such a reduced midgut and the narrow hepatopancreatic tubules subserving 
the function of digestion and absorption require the food material coming to 
this part of the alimentary tract to be in a fine state of division, unmixed 
with non-digestible portion, to facilitate easy digestion and quick absorption. 
The gastric mill, the pyloric filter and the hepatopancreatic tubules are thus 
correlated adaptations for proper alimentation of food. 


4. Feeding Mechanism of Brachyura. 

The feeding mechanism of the crab, Carcinus, has been described in 
detail by Borradaile (1922). At the outset it would be interesting to note 
the remarkable similarity in structure of the most important masticatory 
appendages, the mandibles (Fig. 12). Typically, a mandible in Brachyura 
consists of an elongated Sympod (constituting the Precoxa and the Coxa), 
the distal end of which is modified into a flattened, sharply edged, chisel- 
shaped cutting plate, the incisor process, which may be constricted off from 
the rest of the Sympod. The incisor process is convex ventrally and on its 
superior surface it bears a prominence, the so-called ‘“‘ molar process’’. The 
rest of the limb is represented by a two-jointed palp borne on the anterior 
side of the Sympod. Of the two joints of the palp, the proximal one repre- 
sents the basi-ischium. ‘he distal joint lies on the dorsal or inner side of 
the cutting plate and is flattened and covered with stiff sete along the 
median edge. The incisor process may have a sharp and straight edge as in 
Pilumnus, Neptunus and Matuta (Fig. 12, A, B and G) or may be finely 
serrated as in Cardisoma and Philyra (Fig. 12, H and K). The cutting 
plates are rarely used for slicing or cutting food. ‘Their usual function is to 
hold or shovel morsels of food into the buccal cavity. 

The process of feeding involves seizure of food material, its transference 
to oral aperture, tearing it into suitably sized morsels for swallowing, separa- 
tion of non-digestible from digestible portions and reduction of the digestible 
into suitable forms for easy digestion and subsequent absorption. ‘The food 
of the crabs consists of dead fishes, larval fornis of Crustacea, insects or fishes, 
smaller Crustacea, water snails, tiny sea weeds, etc. Thus the food material 
is usually locked up into undigestible chitinous, calcareous or silicious enve- 
lopes. The food material is always caught and transferred to the oral 
aperture by the pincer claws. The mandibles hold it in front of the mouth 
opening, while the maxillipeds and even the chelze tear away morsels of it 
and push them towards the mouth. ‘The lips and the palp assist the man- 
dibles in shovelling the morsels of food into the buccal cavity, while the 
setose gnathobases of the oral appendages make it difficult for food to spurt 
out of the buccal cavity. Thus the oral appendages are involved in the 
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seizure of food, its tearing into morsels and shovelling the morsels into the 
buccal cavity for swallowing and incidentally in a partial separation of non- 
digestible from the digestible portions of food. The next operation is the 
mastication of food taken into the buccal cavity. In Decapoda there are three 
ways of mastication of food: (1) by the molar processes of the mandibles 
working into the buccal cavity ; (2) by the gastric mill in the cardiac stomach 
and (3) partly by the mandibles and partly by the gastric mill. In all 
the Brachyura examined by me, it is the gastric mill which brings about 
mastication of food, the mandibles being ill-adapted for such function. 
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5. Discussion. 

A definite masticatory mechanism, either in the form of powerfully 
toothed mandibles working in the buccal cavity or as a gastric mill in the 
cardiac stomach, is necessitated by the quality of the food material and the 
nature of the digestive and absorptive processes. Why is it that in Brach- 
yura the masticatory mechanism is situated deep in the interior of the cardiac 
stomach and not in the buccal cavity as it is in the Caridoid Macrura ? 

While refuting Piitter’s theory (1904) that marine animals obtain a 
considerable part of their total nourishment in the form of dissolved organic 
matter, Benjamin, Edie, Moore and Whitley (1914) have pointed out that 
“ larger animals have either so distributed themselves along the pathways 
and situations of a richer supply of food, or actively followed up an equable 
distribution of food so as to enable themselves to live upon richer zones of 
minute organisms, or captured other animals of greater size than minute 
plankton, which in turn fed upon microscopic plankton or upon vegetation 
along the shore or on the sea bottom.’’ In following such pathways along 
which food material was to be found in abundance, Brachyura came to 
choose the habitat of rocky, sandy or muddy bottoms, and adapted by 
having flattened bodies, heavily armoured skeletons, long straddling legs 
capable of gripping flat stones and by having developed crawling and 
climbing habits. It should be noted that all Decapoda which have more 
or less developed such features and habits, e.g., lobsters, hermit-crabs 
and crabs, are characterised by the presence of the gastric mill. Indeed, 
it may be said that the presence of a gastric mill is a characteristic feature 
of the sub-order Reptantia (Boas, 1880 and Borradaile, 1907), which includes 
these groups of Crustacea. 

The universal presence of the gastric mill in Brachyura can also be 
explained with reference to the phylogeny of the crabs. It is generally 
believed that lobsters are derived from prawn-like swimming ancestors 
which had lost some of their agility and had developed a heavy armour, 
retaining, however, the power of sudden and rapid motion in case of 
emergency. Crabs are derived from lobster-like ancestors which had totally 
lost even this power of rapid motion and had taken to slow locomotion by 
crawling and climbing (Calman, 1911). It may therefore be said that the 
gastric mill is a legacy from the lobster-like ancestors in which the gastric 
mill is usually well developed. 

Apart from these considerations, the presence of the gastric mill in all 
Brachyura is well suited to their habits and habitats. Crabs are charac- 
terised by having resorted to various masking adaptations. Shore crabs, 
e.g., Carcinus and Cancer, lurk in crevices of rocks or hide themselves behind 
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stones. Dorippe holds a bivalve shell or a leaf over its carapace by its 
modified hind legs and thus masks itself. Dromia puts on a coat of living 
sponges over its carapace. Spider crabs disguise themselves under a cover 
of sea weeds. A large number of crabs, e.g., Matuta and Corystes, burrow 
themselves in deep sand or, as in Cardisoma and Paratelphusa, in wet earth. 
These masking habits subserve a double function (1) of securing the prey, 
and (2) of adaptation to protect the crabs from their powerful enemies, ¢.g., 
marine forms of Octopus or predaceous Cods. Hypnosis, 7.¢., cessation of 
activity when the animal is disturbed, has been very often observed in 
crabs. Similarly, autotomy, the power of shedding a limb and the subse- 
quent regeneration have reached their highest development in this group of 
animals. In the walking legs, there is a definite breaking plane and a 
valvular mechanism situated in the middle of basi-ischium. Regeneration 
begins immediately by the rapid growth of the epithelial cells grown over 
the exposed surface and the new limb lies folded upon itself. Following the 
next moult, it at once expands and grows very rapidly to its normal size 
(Paul, 1915). The purpose of self-amputation in crabs, as pointed out by 
Paul, is the prevention of hemorrhage produced by the crushing of limbs by 
the movements of stones. 

The wide prevalence of masking adaptations, hypnosis and autotomy 
and regeneration indicate that in spite of their heavy armour and powerful 
pincers, crabs lead a very uneasy life, being in constant fear of their enemies 
or changes in the environment. Such wary and alert life must necessitate 
a hurried swallowing of food thrust into the buccal cavity, leaving its 
complete mastication to be carried out by the deeply-seated gastric mill. 

I am grateful to the Nagpur University for having given me a research 
scholarship which alone has made this and my previous work possible. 


6. Summary. 
In all the Brachyura examined, the gastric mill is universally present. 
The gastric mill is essentially typical in all cases. A comparative 
account of the principal ossicles of the gastric mill together with a short 
account of other associated structures, concerned in the process of alimenta- 
tion of food, is given. 
The invariable presence of the gastric mill and of simple mandibles is 
explained with reference to 
(a) the constant presence of similar structures in other groups of Deca- 
poda Crustacea constituting the sub-order Reptantia, 
(b) the belief that crabs are derived from lobster-like ancestors and, 
therefore, the gastric mill may be a legacy from such lobster-like 
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(c) the various protective adaptations of crabs which indicate their 
wary and alert life necessitating hurried swallowing of food, 
leaving its mastication to the deeply-seated gastric mill. 


REFERENCE LETTERS. 


C.p.v. Cardiac pyloric valve. Pyloric ossicle, 

ex.p. Exopyloric ossicle. pr.p- Prepyloric ossicle, 
La.t, Lateral accessory tooth. pt.c. Pterocardiac ossicle. 
Lateral tooth. Urocardiac ossicle, 
m.c. Mesocardiac ossicle. Z.C. Zygocardiac ossicle. 
m.t. -- Median tooth. 


EXPLANATION OF FIGURES. 


The ossicles of the gastric mill all viewed on the same plane. Inner view. 


Fie. 1.—Pilumnus hirtellus. 

Fie. 2.—Neptunus sanguinolentus. 

Fia. 3.—Dromia rumphii. 

4.—Corystes cassivelanus. 

Fia. 5.—Macropodia longirostris. 

Fie. 6.—Graspus strigosus. 

Fic. 7.—Matuta victor. 

Fic. 8.—Cardisoma carnifex. 

Fia. 9.—Lambrus, 

Fia. 10.—Cancer pagurus. 

Fic. 11.—Philyra globosa. 

Fie. 12.—Inner view of the ‘‘ head’’ of the mandible: 
A. P. hirtellus. 


B. N. sanguinolentus. 
C. D. rumphii. 
D. C. cassivelanus. 
E. M. longirostris. 
F. G. strigosus. 
G. M. victor. 
H. C. carnifex. 
I. Lambrus. 
J. C. pagurus. 
K. P. globosa. 
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NEMATODES FROM THE COMMON WALL LIZARD 
HEMIDACTYLUS FLAVOVIRIDIS (RUPPEL). 


By S. S. PATWARDHAN, M.Sc., 
Department of Zoology, College of Science, Nagpur. 


Received December 28, 1934. 
(Communicated by Prof. M. A. Moghe, M.A., M.SC., F.Z.S.) 


EXAMINATION of intestines of several specimens of Hemidactylus flavoviridis 
(Ruppel) revealed the presence of two species of nematode worms: 
(1) a new species of the genus Thelandros Wedl (1862), described in this 
paper and (2) Thubunea asymmetrica (Baylis, 1930), recorded from Mabuya 
maculilabris (Gray), Uganda, but not recorded so far from India. 


1. Thelandros hemidactylus sp. nov. 


Anatomy.—Length of male 2-8 to 3 mm., of female 6-1 to 6-4 mm.; 
maximum thickness of male 0-24 to 0-28 mm. and of female 0-7 to 0-76 
mm. Body tapers at both ends in both sexes. Lateral ale absent. The 
cuticle is striated (Fig. 1), the distance between them being 0-031 to 
0-037 mm. The mouth (Fig. 2) is surrounded by three bilobed lips. 
All the lobes of the lips are of same size’ and shape and each bears 
a small papilla on the outer side. The cesophagus including the bulb 
measures 0-57 to 0-62 mm. in length in male and 1-09 to 1-1 mm. in 
female. The diameter of the bulb in male is 0-1 mm. and in female 
0-2 mm. The anterior end of the cesophagus is slightly expanded and 
its lumen forms a small funnel which bears three teeth (Fig. 2). The 
intestine anteriorly forms a saucer-like depression into which the cesophageal 
bulb is sunk (Fig. 1). The nerve ring is 0-07 to 0-075 mm. from the 
anterior end in male and 0-13 to 0-14 mm. in female. The excretory pore 
is post-bulbular and is 0-75 mm. from the anterior end in male and 1-62 
mm. in female. 


The caudal end in male (Fig. 3) is without ale and is curved ventrally. 
It is produced into a dorsal process 0-079 mm. in length. There are four 
pairs of sessile papille (Fig. 4), of which one pair is preanal, one adanal, 
one postanal and one on the dorsal process at about the third of its length 
from the base. Anterior lip of cloaca is without dentition, while the 
posterior lip bears a swollen knob-like prominent process (Fig. 3 K). 
The spicule is short, thick, curved and measures 0-051 to 0-056 mm. in 
length. 
376 
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Fie. 1.—Anterior end of female. 
Fic. 2.—Head region of a female. 
Fia. 3.—Posterior end of male, lateral view. 
Fig. 4.—Posterior end of male, ventral view. 
Fig. 5.—Posterior end of female, lateral view. 
Fie. 6.—Egg. 
The tail of female (Fig. 5) is conical, slightly curved and ends into 
a sharp spine. The distance from the cloaca to the tip of the tail 
measures 0-079 mm. Vulva is situated at about the middle of the body 
3-0 to 3-2 mm. from the anterior end. It is indicated externally by two 
prominent lips. The terminal portions of the ovary extend as far as the 
cesophagus and coil round it (Fig. 1). Eggs (Fig. 6) are numerous, ellipti- 
cal, flattened on one side and measure 0-081 to 0-094 x 0-041 mm. 
Discussion : Referring to the classification given by York and Maplestone 
(1926) this worm belongs to the family Oxyuride Cobbold, 1864, because of 
the presence of an cesophageal bulb, double uterine tubes and the absence of 
precloacular musculature or sucker. It belongs to the sub-family Oxyurine 
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Hall, 1916, because of the presence of a single spicule and the absence of a 
gubernaculum. Following the same key the worm belongs to the genus 
Thelandros Wedl, 1862. 


So far the genus Thelandros includes eleven species all from reptilian 
hosts. The following key will serve for the diagnosis of the species 
described here from the other eleven species :— 

1. (8) Anterior lip of cloaca with dentition:....2. 


2. (3) Body of female covered with spines. 
Male with lateral ale; vulva median; spicule 0-105 mm, 
T. echinatus Rud., 1819. 
Host: Gecko, etc. 


. (2) Body of female not covered with spines:....4. 


. (5) Ovarine coils round the cesophagus. 
Male with lateral ale ; vulva median; spicule 0-088 mm. 
T. micipse Seurat, 1917. 
Host: Chalcides micipse. 


5. (4) Ovarian coils do not reach as far as cesophagus:....6. 


. (7) Posterior end of male covered with a prepuse. 
Vulva slightly behind the middle with anterior lip overhanging; spicule 
0-075 to 0-092 mm. 
T. sahariensis Baylis, 1930. 
Host: Uromastix spp. 


7. (6) Posterior end of male not covered with a prepuse. 


Vulva at the junction of anterior three-fifth and posterior two-fifth ; spicule 
0-09 mm. 


T. alatus Wedl, 1862, 
Host: Uromastix spp. 


8, (1) Anterior lip of cloaca without dentition :....9. 


10. (13) Length of spicule between 0-1 and 0-2 mm.:....11. 


11. (12) Caudal alz present. 

Spicule 0-2 mm, 

T. numidicus Seurat, 1918. 
Host: Tortoises. 
12. (11) Caudal alz absent. 

Gubernaculum present, V-shaped; vulva at the junction of anterior 
two-third and posterior third; lateral ale present; spicule 0-124 mm.; 
excretory pore prebulbular. 

T. sexlabiata Ortlepp, 1933. 
Host: Testudo verreauzi. 
13. (10) Length of spicule more than 0-2 mm. 

Vulva median ; spicule 0-4 mm.; egg 0-192 x0-052 mm. 

T. oswaldocruzi Travassos, 1925. 
Host: Hyla mesophea. 
14, (9) Length of spicule less than 0-1 mm.:....15, 
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15. (16) Length of body in both sexes does not exceed 1-0 mm. 
Female 0-53 mm. and male 0-27 mm. in length; eggs 0-1 to 0-05 mm. in 
diameter; posterior end in male covered with a prepuse. 
T. micruris Rauther, 1918. 
Host: Uromastix spp. 
16. (15) Length of body in both sexes more than 1-0 mm. :....17. 
17. (20) Ovarian coils round the cesophagus:....18. 
18. (19) Posterior end in male turned dorsally at right angle. 
Vulva median; spicule 0-085 mm.; posterior lip of cloaca bears a small 
papilla, 
T. sceleratus Travassos, 1923. 
Host: Tropidurus. 
19. (18) Posterior end in male turned ventrally. 
Vulva median: spicule 0-056 mm. ; posterior lip of cloaca bears a prominent 
knob-like process. 
T. hemidactylus sp. nov. 
Host: Hemidactylus flavoviridis. 
20. (17) Ovarian coils do not extend as far as cesophagus:....21. 
21. (22) Lateral ale terminate in front of cloaca and are produced into prominent 
angles. 
Spicule 0-067 mm. (?); vulva slightly behind the middle. 
T. cinctus Linstow, 1897. 
Host: Agama stellio. 
. (21) Lateral ale terminate at the level or behind cloaca without producing 
angles. 
Vulva median; spicule 0-07 mm.; conical appendix at the tail end in male 
very massive, 


to 
bo 


bulbosus Linstow, 1899. 
Host: Chalcides spp., Scincus spp. 


Specific diagnosis of Thelandros hemidactylus.—-Length of male 2-8 to 
3 mm. ; length of female 6-1 to 6-4 mm. ; maximum breadth male 0-24 to 
0-28 mm. ; female 0-7 to 0-76 mm.; distance between two striations 0-031 to 
0-037 mm. ; cesophagus with the bulb 0-57 to 0-62 mm. in length in male 
and 0-U9 to 1-1 mm. in female ; diameter of bulb in male 0-1 mm. andin 
female 0-2 mm. ; nerve ring 0-07 to 0-075 mm. from the anterior end in 
male and 0-13 to 0-14 mm. in female; excretory pore 0-75 mm. from 
the anterior end in male and 1-62 mm. in female; caudal process of male 
0-079 mm. in length ; spicule 0-051 to 0-056 mm. in length; vulva 3-0 to 
3-2 mm. from the anterior end ; eggs 0-081 to 0.094 mm. x 0-041 mm. 

Host : Hemidactylus flavoviridis (Ruppel). 

Habitat: Rectum. 

Locality : Nagpur, C.P. 


2. Thubunea asymmetrica (Baylis, 1930). 


Worms are slightly longer, male being 7-3 mm. in length and female 
17 mm.; maximum breadth male 0-19 mm. and female 0-23 mm. ; lips 
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asymmetrical, left smaller and armed with three teeth; distance from the 
anterior end to the end of the pharynx 0-05mm., to the end of entire 
cesophagus 2-6 mm.; the position of the nerve ring, excretory pore and 
cervical ale agree with Baylis’ description ; nine pairs of caudal ale; right 
spicule measures 0-062 mm. and left 0-091 mm. in length ; vulva 1-21 mm, 
from anterior end; eggs 0-037 mm. x 0-025 mm. 

Host : Hemidactylus flavoviridis (Ruppel). 

Habitat : Intestine. 

Locality : Nagpur, C.P. 


I am extremely grateful to Prof. I.. Travassos and Prof. F. J. Meggitt 
for helping me with the necessary literature. 


Summary. 


Examination of the intestines of several specimens of the common 


wall-lizard Hemidactylus flavoviridis (Ruppel) revealed the presence of two 
species of Nematodes : 


(1) Thubunea asymmetrica (Baylis, 1930), recorded from Mabuva maculi- 
labris (Gray), Uganda, but not recorded so far from this host and from 
India ; 

(2) Thelandros hemidactylus sp. nov. a new species of the genus 
Thelandros Wedl, 1862. A key to the species of the genus Thelandros is given. 
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INVESTIGATIONS ON THE ROLE OF ORGANIC MATTER 
IN PLANT NUTRITION. 


Part VI. Effect of Injecting* Minute Quantities of Certain Forms of Organic 
Matter on Plant Growth and Reproduction. 


By C. R. HARIHARA IVER, M.A., G. S. SmppApPa, M.A., 
AND 
V. SUBRAHMANYAN, D.Sc., F.1.C., 


Department of Biochemistry, Indian Institute of Science, Bangalore. 


Received November 17, 1934. 


It was shown in the previous communication (Siddappa and Subrahmanyan, 
1934) that minute quantities of certain forms of organic matter have 
comparatively little effect on the growth of sand-cultured plants provided 
with complete supply of minerals. Evidence was also adduced to show 
that the beneficial effect of such substances and, indeed, organic manures 
in general, can be seen only when they are applied in bulk. These observa- 
tions do not, however, preclude the existence of certain active principles, 
which, under favourable conditions, would serve as auxiliaries to plant 
growth and reproduction. Such substances are probably either destroyed 
or otherwise rendered ineffective under field conditions. The results of the 
previous study would indeed suggest that, when applied to sand or soil, they 
are decomposed by microorganisms. 


Most of the previous workers who adduced evidence in favour of growth- 
promoting principles in organic extracts had worked with water-cultured 
plants (Bottomley, 1914, 1915-17, 1919; Mockeridge, 1920, 1924; Clark and 
Roller, 1927, 1931 ; Ashby, Bolas and Henderson, 1928 ; Ashby, 1929; Olsen, 
1930 and others) and their observations would suggest that the active 
substances are (a) water soluble, (b) comparatively stable in aqueous solution 
and (c) potent even in minute quantities. Water culture is not practicable 
in field practice, so, if the active substances are to be utilised to increase crop 
production, they should be supplied to the plant as aqueous solution and in 
some manner that will avoid or, at any rate, minimise the risk of decomposition 
by microorganisms. ‘This would naturally preclude their application to the 
soil. Among the methods of direct application, the technique of injection 
appeared to be most feasible. That method has been tried by a number of 


* This term has been used for want of a more appropriate one. Although hypoder- 
mic injection needles were used in the earlier portion of the present study, no mechanical 
pressure was employed to force the fluids into the plant. 


381 


the 
tire 
and 
im, 
| 
on | 
wo q 
li- 
om 
us 
es, | 
5. 
1, 


382 C. R. Harihara Iyer and others 


workers either for the supply of nutrients or control of plant disease (Goff, 
1897 ; Bolley, 1903, 1904, 1906; Rumbold, 1915, 1920; Moore and Ruggles, 
1915; Rankin, 1917; Elliot, 1917; Bennett, 1927; Scherer, 1927; Thomas 
and Haas, 1928; Wann, 1929 and others). In addition to ensuring fairly 
rapid intake, that procedure would also eliminate all possible changes 
through either chemical reaction with the soil constituents or microbiological 
activity. The previous observations of Subrahmanyan and Varadachar 
(1933) had shown that, under favourable conditions, the plant can take up 
quite considerable quantities of the injected fluid and show marked response 
to the treatment. In view of the above, a systematic study of the effect 
of injecting aqueous extracts of different organic substances at various 
stages of growth was undertaken. 


Experimental. 


Effect of injecting aqueous extracts of different organic substances into the 
sunflower plant (Helianthus annus Iinn.). Preliminary studies.—The trials 
were carried out with Sutton’s “‘ Giant Yellow’”’ variety, which was found 
by previous experience (Varadachar, 1933) to be eminently suitable for the 
purpose. The seeds were sown in beds which were liberally supplied with 
farmyard manure. After the plants had grown to a usef1l height and thick- 
ness, they were carefully uprooted and washed free from adhering soil. 
After taking the necessary biometric measurements and determining the 
fresh weight in each case, they were transplanted into glazed earthenwere 
pots made up with acid-washed sand (30 Ibs.) and fertilised with superphos- 
phate (30 per cent. P,0;; 3-1 g.), potassium nitrate (1-0 g.) and potassium 
sulphate (1-3 g.). The plants were watered with distilled water. The 
nutrients passing into drainage were collected in glass or wax-coated metallic 
containers and poured back into the pots from time to time. 

After the plants had established themselves and the new flush just began 
to appear, the different fluids were injected into them. ‘The equipment 
(Fig. 1) consisted of a small-sized, rustless hypodermic injection needle (B) 
which was attached, through a piece of rubber tubing (C), to a reservoir (D) 
containing the fluid to be injected. The reservoir was a piece of glass 
tubing (diameter, 1 cm. and length, about 20 cm.) which was joined to 
a narrower one (diameter, 3 mm.) bent twice at right angles. It was 
clamped in position and covered with a test tube (F) to minimise evapora- 
tion and risk of infection through dust. 

Since it would not be possible to force the fluid into the plant in the 
same manner as in animal experiments, some tests were first carried out 
with distilled water to determine the conditions under which spontaneous 
intake would be facilitated. The rubber tube (C) was pinched between two 
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Injection 
A apparatus 
F 
A.—Sunflower plant 
B B.—Hypodermic syringe needle 
c C.—Rubber tubing 


D.—Keservoir containing extract of 
organic substance 

£.—Zinc clip holding tube in position 

F.—Test tube cover 


Fie. 1. Sunflower plant under 
injection. 

fingers and the reservoir filled to a height of about 15cm. By gently releas- 
ing the fingers, the water was allowed to slowly fill the entire tube and the 
injection needle, thus displacing all the air from that section of the apparatus. 
The top of the reservoir was then closed with a finger and the needle (filled 
with the fluid) carefully introduced into the thickest part of the stem in 
such a manner that, while retaining a firm hold on the plant, it did not 
protrude beyond the cambium region. 

In the earlier trials, the needle was kept pointing upward as it was felt 
that it would facilitate rapid movement to the growing parts of the plant. 
It was found, however, that, with such an arrangement, it was very difficult 
to keep out air bubbles either before or after introducing the needle. Later 
trials showed, however, that it was far more convenient to have the needle 
pointing downward. ‘The equipment for injection was also greatly simplified 
as will be seen from subsequent studies. 
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The above test was carried out with each one of the experimental 
plants. If in any case the water was either not being taken up at all or 
at a much slower rate than in others, the needle was taken out and then 
tried in a fresh position. In this manner, it was ensured, even before the 
commencement of the experiment, that the fluid to be injected would be 
taken up by all the plants. 

It should be admitted, however, that, in spite of these precautions, the 
intake of water or the extracts which followed did not proceed at the same 
rate in all the plants. Even when the conditions were identical, some 
plants took up the fluids at faster rates than others. The difference was 
sometimes due to partial obstruction near the tip of the needle, but, more 
often, it was due to some inherent variations between the plants themselves 
—a condition which could not be adequately controlled. Even the same 
plant did not take in the fluid at the same rate during the period of observa- 
tion. The intake was largely influenced by the weather conditions. It was 
generally observed that bright sunshine, fairly high temperature or low 


relative humidity led to rapid intake, while wet weather, low temperature or 


high humidity produced the reverse effect. 

After determining the most suitable position for each plant, the needle 
was fixed in position by bees-wax and the point of entry so covered that none 
of the injecting fluid could pass out. The major part of the distilled water 
left in the reservoir was then pipetted out leaving only a small quantity as 
seal against the entry of air. The plants were then divided into five batches 
and treated as follows :—(a) distilled water (control), (b) yeast extract, (c) 
extract of dried blood, (d) extract of farmyard manure, and (e) effluent from 
activated sludge. In each case, 10 c.c. of the fluid was introduced into 
the reservoir and the intake allowed to proceed in the normal way. 

The yeast extract used in the present study was prepared by treating 
dry, powdered brewery yeast (30 g.) with 300 c.c. of cold water and shaking 
the suspension for 30 minutes. After settling, the clear supernatant was 
passed through fine filter paper. The filtrate was used for the injection. It 
contained 2-51 per cent. of solid matter. 

The extracts of farmyard manure and dried blood were also prepared 
in a similar manner. The farmyard manure was a well rotted product taken 
from the interior of a heap. The extract prepared out of it was red brown in 
colour and possessed an earthy odour. Its solid content was 0-27 per cent. 
The dried blood was a commercial product with a total nitrogen content of 
10-3 per cent. The extract from it was greenish yellow in colour and 
possessed a strong, unpleasant odour. Its solid content was 0-79 per cent. 


The effluent was obtained from the suspension in the re-aeration tank. 
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The sludge was allowed to settle and the clear supernatant, which was colour- 
less and odourless, passed through a filter. Its solid content was 0-04 per cent. 

After a few days, when useful amounts of the different fluids had passed 
in, the injections were stopped, the procedure for the withdrawal of the 
needles being similar to that adopted for introducing them. The quantities 
taken up by the plants varied from practically all that was added (10 c.c.) 
to only 2 or 3c.c. There was no particular preference shown for any fluid, 
so, those results have not been recorded. The other observations are 
presented in Tables I and II. 


Transplanted on 2nd March 1932 (stage I); distilled water injected on 11th March ; 
extracts injected on 24th March (stage II); biometric measurements taken on 5th April 
(stage III) ; plants uprooted and final observations made on 27th April (stage IV). 


TABLE I. 
AVERAGES 
Fluid injectea Height in cm. Girth in cm. i. one, 
Stag: Stage | Stage | Stage | Stage | Stage | Stage Stage 
Ill 1 II Ill | 
Yeast extract 68-6 | 62-5 67-1 4-7 5-1 5-2 20-3 11-6 


Extract of Fy.manure| 71-2 64-9 67-7 5-0 5-2 5+3 20-9 13+1 
Extract of d. blood 74-0 65-3 66-6 5-1 22-3 13-1 


A. sludge effluent 69-8 64-1 67°5 5-1 5+7 5-6 22-3 12-1 
Distilled water 61-8 59-8 61-9 4-7 5-3 5-2 19-2 9-8 
(control) | 
TABLE II. 
Fluid injected 
Particulars 
Distilled Extract Extract 
Yeast r A.S. 
water outcast of dried of Fy. slimes 
(control) blood manure 
Number of plants 25 8 12 10 8 
Average number of 
flowers per plant 1-8 4-1 2+3 2-8 2+9 
Average dry weight of 
flowers per plant 
in grams ee 3-7 6-9 2-7 7-6 7-0 
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It may be noted that, in all the cases, the plants showed some depres- 
sion shortly after transplanting, but recovered rapidly after that period. 
The best development was seen in the case of plants injected with sewage 
effluent which showed significant increase not only in height but also in girth, 
Those receiving distilled water showed the least progress. The root length 
was reduced in all the cases partly because of the natural restraint imposed 
by the pot and partly owing to the nutrients being near the surface of 
the sand. 

Although the plants had originally been raised on manured beds, their 
subsequent response to injection of minute quantities of different extracts was 
quite striking. The effect on flowering was most pronounced, not only the 
number but also the weight showing marked increase in some of the cases. 
Yeast extract, extract of farmyard manure or activated sludge effluent 
produced favourable effects, while extract of dried blood led to slight 
depression. 

Experiments with sand-cultured plants—With a view to studying the 
effect of injection on plants raised exclusively on mineral media, the sun- 
flower seeds were sown in acid-washed sand (50 lbs.) provided with calcium 
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Figs. 2 and 3. Effect of injection of organic extracts on the growth of 
Helianthus annus. 
@—@ Yeast extract a—4 Dried blood 
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acid phosphate (5-1 g.), potassium nitrate (3-3 g.), and potassium sulphate 
(2-5 g.). Six seeds were sown per pot and, as the plants came up, four of 
them were removed at intervals for various biometric measurements. Of 
the two that were left, one was used for injection while the other was left 
untreated, as control. Ten pots were allotted for each treatment. The 
fluids that were injected were the same as in the previous experiment, except 
that soil extract was also included. The latter was prepared by shaking 
30 g. of rich garden soil with 300 c.c. of water and filtering. The other 
extracts were prepared in the same manner as before. The results have 
been presented in Figs. 2 and 3 and in Tables IIT and IV. 

Seeds sown on 9th May 1932; distilled water injected on 20th June; organic ex- 


tracts injected on 23rd June; flower buds emerged on 13th July; watering stopped on 
llth August; plants removed and seeds collected on 2nd September. 


TABLE ITI. 
Before Injection (22-6-1932) After Injection (11-8-1932) 
Fresh | Dry weight in g. Fresl Dry weight in g. 
Fluid Injected | weight Root eight Root 
of length ae length 
plant |Stem and in cm.| Stem and in cm, 
in g. leaves Roots asthe leaves Roots 


Yeast extract 62-9 | 9-54 | 1-91 | 19-4 179-1 | 23-03 | 6-57 | 37-5 
Extract of Fy.m.| 77-5 | 12°43 | 2-83 | 26-2 155-2 21-46 | 5-60 | 38-0 
Soil extract 91-4 | 13-06 | 3-19 | 27-0 | 169-9 | 18-34 | 7-08 | 37-3 
A. 8. effluent 87-5 | 13-70 | 2-66 | 26-4 | 152-8 | 19-67 | 6-68 | 36-0 


Extract of dried 
blood 78-6 | 12-02 2-54 | 23-6 | 1382-6 | 17-56 5°42 | 31-7 


Distilled water 
(control) 57-9 | 8-70 | 1-84 | 22-4 | 103-4 | 13-77 | 4-25 | 33-4 


It may be seen from the results that the plants receiving yeast 
extract showed the most marked increase not only in height and thickness 
but also in weight. Farmyard manure came second. Soil extract and 
sewage effluent came third with more or less similar results. Extract 
of dried blood was fifth and distilled water (control), last. The observations 
on flowering and seeding brought out some striking differences between 
the various treatments. Notonly the yields of those two products but 
also their proportion to the total weight of the plant had been 
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TABLE IV. 


Fluid Injected 


Item A.g, | Extract | Distilled 
extract |farmyard! extract | effluent = 
| (control) 


Fresh weight of flower | 55-2 48-2 40-9 31-2 25-5 21-2 


Dry weight of seed 9-64 8-94 7-03 4-99 4-26 


bo 


-29 


Dry weight of whole 39-24 | 36-00 | 32-45 | 31-34 | 37-24) 2 
plant 


1 


oe 
to 


Percentage of dry 
weight of flower to 
that of whole plant 24-6 24-8 21-7 15-9 15-6 13-1 


greatly altered. The most satisfactory results were obtained in the case 
of farmyard manure and yeast extract. Soil extract came third. Activated 
sludge effluent and dried blood extract came very much behind and 
were only slightly superior to the control. 


The above observations, together with those of the previous experiment, 
would show that, at any rate, some of the organic extracts have profound 
influence not only on the growth but also in the reproduction of Helianthus 
annus. Attention has already been drawn to the practical significance of some 
of these findings.* Similar results have also been independently obtained 
in the case of yeast extract (Virtanen and Hausen, 1933, 1934) by 
water-culture studies on peas. 

The favourable action of some of the extracts may be due to either 
or both of the following causes: (a) they may provide certain substances, 
which are useful to plant growth and reproduction, (b) they may contain 
some constituents which may act as irritants and force the plants to flower 
and seed to a greater extent than they might otherwise do. The latter 


action would, no doubt, be augmented by the injury inflicted by the 
injection needle. 


The existence of growth-promoting substances derives much support 
from the fact that the plants injected with some of the extracts—especially 


* Soc. Biol. Chemists (India), Symposium, July 1932,8; Madras Agric. J., 1932, 
20, Pt. 11; Proc. Ind. Sci. Cong., 1933, 20; Proc. Joint Session, S. Ind, Sci. Assoc,, Soc. 
Biol. Chemists (India) and Ind. Chem. Soc., April 1933, 11. 
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those of yeast and farmyard manure—have shown considerable improvement 
in all directions, as compared with the controls. It is hardly probable, 
however, that those substances are identical with those responsible for 
the increased flowering and seeding. A study of the related data would, 
in fact, show that there is no relation between the effect on vegetative 
growth and that on reproduction. Furthermore, it may be noted that 
in the first experiment, there was no marked effect on growth while 
flowering was favoured by some of the extracts. These observations 
would show that the two phenomena are distinct and are due to different 
agencies. 

The study of the chemical nature of the active constituents is rendered 
difficult by the fact that some of the extracts are derived from materials 
which are themselves mixtures of a number of substances. Moreover, 
the origin and nature of the starting materials (¢.g., farmyard manure and 
yeast) are so far removed that it is hardly probable that the extracts 
derived from them contain the same active constituents or such as are 
even distinctly related to each other. It would appear, therefore, that 
anumber of substances which are not chemically related are responsible 
for the improved growth and reproduction observed on injection into the 
plant. 


This heterogeneity of character lends support to the theory that the 
active substances, especially those concerned with flowering and seeding, 
are not of the nature of plant nutrients but are foreign bodies which 
act as irritants. All the injected fluids are different in composition and 
character from those present in plant tissues and it may be naturally 
expected that they would evoke some physiological response, the effect 
being more pronounced in some cases than in others. The action of 
the irritants may explain the increased reproduction, but it is difficult 
to realize how they could also favour growth. In fact, if such a 
presumption is granted, the two modes of action outlined above would 
become identical in practice. 

A comparison with the results of the previous study (Siddappa and 
Subrahmanyan, Joc. cit.) would show that some of the substances which 
proved highly potent on injection into the plant were comparatively 
ineffective when added to sand or laterite. This would support the 
conclusion that the active substances are destroyed or otherwise rendered 
ineffective on application to sand or soil. It would also explain why 
some of the commercial preparations (such as bacterised peat) known 
to contain substances favouring plant growth, proved comparative failures 


when tried on the field. The observations would thus show that failing 
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the water-culture (which is not feasible in practical agriculture), the 
injection method is the most satisfactory way of introducing the active 
substances into the plant. The conditions must, of course, be further 
standardised and the procedure greatly simplified before it can be adopted 
in field practice. 

Although the different fluids used for injection contained minute 
quantities of organic matter, it is yet difficult to state whether the active 
substances were exclusively carbon compounds. All the extracts contained 
some mineral matter as well and some of them, especially soil extract 
and sewage effluent, contained mostly inorganic salts in solution. Further 
work with purely organic or inorganic substances, as also with mixtures 
of known composition, is needed before any definite information 
regarding the chemical nature of the active substances can be obtained. 

Injection into tender plants—The plants that were used for the 
previous studies were mature ones which generally started flowering shortly 
after injection. With a view to determining whether similar favourable 
effects can also be obtained by injection into comparatively tender 
plants, a series of experiments were carried out during the Winter months 
of 1932 and Spring of 1933. 

The plants were raised on acid-washed sand and minerals, the details 
being the same as in the previous experiment. The different fluids were 
injected when the plants were about a month old. The vegetative growth 
continued for a further period of about six weeks before flower buds began 
to appear. The usual biometric measurements were taken at intervals and 
after the seeds had ripened, the plants were removed and the weights 
determined. 

The fluids that were used for injection were the following.—(a) yeast 
extract (20 g. of dry yeast extracted with 400 c.c. of cold, distilled water ; 
total solids, 1-5 g. in 100 c.c.) ; (6) extract of dried blood (prepared in the 
same manner as @; total solids, 0-7 g. in 100 c.c.); (c) sterile yeast extract 
(extraction as in a; autoclaved for 15 mins. at 15 Ibs.) ; (d) sterile extract of 
dried blood (prepared in the same manner as c); (e) potassium nitrate 
(1 per cent., 10 c.c.); (f) neutral potassium phosphate (1 per cent., 
10 c.c.); (g) KNO3 (1 per cent., 5 c.c.)+K,HPO, (1 per cent., 5 c.c.); 
(h) dried blood (prepared as in 6) +K,HPO, (1 per cent., 5c.c.); (@) di- 
ammonium phosphate (1 per cent., 10 c.c.); (7) calcium nitrate (1 per cent., 
10 c.c.); (&) distilled water, 10 c.c. (control); and (/) untreated (control). 
The object of the trials was to determine whether (a) autoclaving destroyed 
the active constituents, (b) any of the inorganic salts can produce effects 
similar to those of the organic extracts and (c) the potency of dried blood 
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can be improved by addition of mineral salts. The experiments were 
carried out under aseptic conditions (except in those of a, b and h), sterile 
solutions, needles and tubes being used for the injections. ‘The reservoir 
tubes were plugged with cotton wool and the point of entry of the needle 
into the plant protected with wax. 

It was found that injection into tender plants was rather difficult, the 
needles often passing through or the fluids flowing out at the side. In the 
case of some plants, the injection had to be repeated several times before 
even a small quantity could be sent in. In spite of these difficulties, nearly 
a hundred plants were successfully treated with the different fluids. 

The biometric measurements, as also the final observations, showed, 
however, that the response of the plants was quite erratic. Although the 
average values showed some difference, the deviations were so considerable 
that no significance could be attached to the results (Table V). 


TABLE V. 

Average dry weight ing. | Percentage of 
Stem and) Root Seed tat the 

leaf 
Yeast extract (fresh) ..| 20°69 | 6-25 6-94 20-4 + 
Extract of dried blood (fresh) ..| 19°36 | 6-58 | 7-79 | 21-94 4-4 
Yeast extract (sterile) .. ..| 21-56 | 6°33 7-15 20-5 + 5-1 
Extract of dried blood (sterile) ..| 19°13 | 5-84 7°85 24:1 + 4-6 
Potassium nitrate ..| 19°28 | 6°35 8-39 25-3 + 9-2 
Dipotassium phosphate . 19°20 | 5-08 8-30 27:5 + 7-8 
KNO,+K.HPO, di ..| 20°68 | 4:98 | 7-55 | 22-84 5-1 
Dried blood+K,HPO, .. ..| 19°64 | 4-94 8-61 25-0 + 3-6 
Diammonium phosphate ..| 17-99 6-33 6-93 21-5 + 7-2 
Calcium nitrate ..| 19-67 | 5-77 8-70 25-2 + 5-9 
Distilled water (control) .-| 21°33 | 5°49 6-71 20-5 + 5-9 
No injection (control) .. ..| 16-49] 4-94 | 8-41 | 26-8 + 3-6 


4 
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Attempts to simplify the method of injection.—The procedure followed 
in the previous experiments was too elaborate and expensive for adoption 
in field practice. It was considered desirable, therefore, to develop a 
simpler method of direct feeding which could be followed by even unskilled 
workers. ‘The use of the injection needle was out of the question, so the 
puncturing was carried out by either a nail or a small knife as was conveni- 
ent. The following were some of the methods that were tried.—(a) A fairly 
large hole was bored in the plant and, after introducing the necessary 
quantity of fluid, the opening was closed with fine clay paste. (b) A 
number of small punctures were made at different points on the stem 
and a small quantity of fluid introduced into each one of them. (c) The 
procedure was the same as in (b), but the fluid was introduced as admixed 
with soil. (d) The treatment was similar to that in (b) and the punctures 
were closed with clay. (e) Small bits of bark were removed from 
different points on the stem and the fluids dabbed on them. (f) The 
barks were just opened with the knife and, after applying the fluid, they 
were fixed in position and tied round with wax cloth. In addition to 
sunflower plants, these treatments were also tried on different varieties 


of crotons, roses, ferns and balsams, as also on lantana, hongay, margosa, 
sandal and cotton plants. 


In the preliminary experiments which were carried out with inorganic 
salts, it was noted that some plants showed immediate response to the 
different treatments while others were comparatively slow. Balsam 
was the most sensitive and lantana the least. Among the various 
treatments, the first one was not quite favourable. The plants were 
slow to recover from the shock. Callus formation was tardy and, in 
some cases, the injury was aggravated by insect attack. The subsequent 
response was not also significant. The second method was more useful. 
The wounds healed fairly quickly and the plants showed marked response 
to the treatments. The third and fourth methods yielded results similar 
to that of the second one. The fifth treatment was not very helpful. 
Only small quantities could be introduced by that method. The sixth 
method, which was more elaborate, also suffered from the same defect 
as the fifth one. The following results (Table VI) obtained with pot 
cultured cotton plants treated according to the second method with 0-25 
c.c. each of 1 per cent. solutions of a few inorganic salts would be of 
interest. 

There were some interesting features in the response of balsams 
to the different treatments. Shortly after the injections, practically all 
the plants showed signs of wilting. The adverse effect was, however, 
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TABLE VI. 
Average Average 
Solution injected Solution injected = 
per plant per plant 
Ammonium hydrogen phos- Calcium acid phosphate 57 
phate ee 34 
Magnesium sulphate 
Potassium hydrogen phos- 
phate 76 Sodium bicarbonate .. 27 
Calcium sulphate a Ferric sulphate 15 


only temporary: in most cases, the plants recovered completely within 
a few hours. The subsequent observations were varied, depending on 
the nature of the salt used for injection. Increased flowering was noticed 
in some cases while profuse leafing was marked in others. When 
poisonous chemicals such as copper sulphate, potassium cyanide or ferric 
sulphate was used for injection, the plants never recovered from the 
initial wilting. In the case of copper sulphate, a dark ring was noticed 
in the immediate vicinity of the point of injection, showing the extent 
of spread of the poison. Similar rings were also noticed in the other 
two cases though the coloration was not so pronounced. 

In addition to the foregoing, a number of experiments were carried 
out introducing the different chemicals, in the solid condition, into 
punctures made in the manner already described. In some cases, the 
solids were also applied as admixed with sand or soil. It was noted 
that, in all the cases, the chemicals were taken up fairly rapidly. The 
subsequent effects were not, however, quite pronounced, because, in 
most cases, the plants were slow to recover from the effects of high 
concentrations of the salts. Even profuse watering did not appreciably 
improve the condition. In the case of some palms and crotons, favourable 
effects were noticed about six months after the treatment, while, in 
others, no perceptible effects could be observed. In view of this and 
the difficulty in introducing known quantities of solids into the plants, 
it was considered desirable to use only aqueous solutions or suspensions 
for subsequent injections. 

Injection of inorganic chemicals.—Pot-culture experiments with French 
beans (Phaseolus vulgaris).—With a view to determining the extent to which 
the minute quantities of inorganic constituents present in the different 
extracts would affect plant growth and reproduction, an extensive series 
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of trials were carried out applying pure chemicals to pot- as well as 
plot-cultured plants. For pot experiments with French beans, the soil 
(30 Ibs.) was treated with burnt lime (20 g.) prior to application of 
farmyard manure (200 g.). The soil was then rested for 10 days after 
which seeds were sown at the rate of four per pot. After the seedlings 
came up, they were reduced to two per pot. ‘Twelve plants were allotted 
for each chemical and eleven salts were tried for each treatment. The 
following were the treatments.—-(A) The chemicals (1 g. each) were 
applied in one lot prior to sowing. (B) The treatment was similar to 
that in (A) except that the salts were applied just before flowering. 
(C) The chemical was divided into two equal lots, one of which (0-5 g. 
per pot) was applied at the same time as (A) and the other at that of (B). 
(D) The chemicals were injected into the plants as aqueous solutions 
or suspensions (1 per cent.). The procedure for injection was very simple 
and consisted in making five small punctures in the stem of each plant 
just prior to flowering. One drop (0-05 c.c.) of the solution or suspension 
was introduced into each puncture so that the total quantity taken 
up by each plant was 0-25 c.c. and the corresponding quantity of 
chemical, 2-5 mg. The plants were kept in the open and watered in 
the usual way. Biometric measurements were made at intervals. When 
the pods were dry, the plants were uprooted and the dry weights of 
different parts determined. 

It was observed that the average plant heights and girths, as also leaf 
areas, were more or less similar and yielded no clue to the actual effects of 
the chemicals in the different cases. The numbers of pods and flowers were 
misleading. The average weights of pods were also variable. In view of 
these findings, the data relating to the above have not been recorded. The 
other results have been presented in Table VII. 

It may be seen from the results that, except in a few cases, injection of 
inorganic chemicals had reduced the total dry weight and depressed the 
yield of pods. 

The quantities used for injections were very small and were only 
four-hundredths of those applied to the soil. They were, nevertheless, 
highly potent as may be seen in the case of copper sulphate, which killed 
out the plant within a few days. The best results were obtained when 
the chemicals were applied to the soil in two lots—one in the early 
stages and the other just prior to flowering. Among the various chemicals, 
the two phosphates (potassium and calcium acid) proved to be the best. 
They improved not only the yield of pods but also the ratio of pods to 
the rest of the plant. Although this effect is similar to that observed with 
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some of the organic extracts, the modes of action in the two cases would 
appear to be different. The organic extracts were comparatively ineffective 
when applied to the soil (Siddappa and Subrahmanyan, loc. cit.), but were 


potent when injected into the plant. The reverse was found to be the case 
with the phosphate. 


Pot-culture experiments with barley—The details relating to manuring 
and sowing were the same as those of the previous series. The treatments 
were also similar except that (a) one of the series (B) in which the chemical 
was applied to the soil, as a single dose, just prior to flowering was not 
included, (b) a larger number of chemicals were tried and (c) in the case of 
chemicals which were sparingly soluble, the stability of the suspensions used 
for injection was improved by addition of 0-1 per cent. agar. 


As in the case of French beans, the biometric measurements were rather 
misleading and have not therefore been recorded. It may be stated, how- 
ever, that the plants receiving the chemicals in two instalments, through the 
soil (series C) were generally healthier and better developed than the others. 
The injected plants were mostly poor, those receiving copper, manganese or 
iron sulphate being the worst affected. The latter did not, in fact, recover 
from the initial shock and died within a few days after the injection. The 
final observations have been presented in Table VIII. 


It may be seen from the results that the application of chemicals either 
directly (by injection) or through the soil had generally led to greater pro- 
duction of straw than of grain. The total yield had, no doubt, been increased 
in many cases, but the ratio of grain to straw was mostly lower than 
that of the control. This effect is prominently seen in the injection series 
in which the chemical treatments would appear to have ,had a marked 
depressing effect. 


Plot experiments with French beans.—On a uniform piece of land, forty- 
four square plots, each measuring 10’ x 10’, were laid out. The plots were 
separated from each other by ridges of 1 foot width and 9 inches height. 
Farmyard manure was applied at the rate of 50 Ibs. per plot (approximately 
10 tons per acre) and, after resting for 10 days, superphosphate was added 
to 250 grams per plot (about 2 cwts. per acre). The plots were then sown 
with French beans, carefully graded seeds being used for the purpose. Sixty- 
four seeds were sown per plot, each seed being separated from its neighbour 
by 1 foot. The plants were watered with filtered water, the same quantity 
being applied to each plot. Care was taken to ensure that the plants 
came up uniformly well, those which were unsatisfactory being uprooted 
and replaced by plants from an adjacent area which had been maintained 
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under the same conditions as the experimental plots. When the plants 
were on the point of flowering, they were injected with various chemicals, 
the technique being the same as that adopted in the pot experiments. Four 
plots, chosen at random, were allotted for each treatment. In addition to 
the usual biometric measurements on standing crop, representative speci- 
mens of plants (four for each plot) were removed at short intervals and the 
average root lengths and dry weights of different parts determined. After 
the seeds had set and the pods were dry, the remaining plants were removed 
and the yields estimated. 


As may be naturally expected, the plot-cultured plants were generally 
healthier and better developed than those previously raised in pots. The 
periodic biometric measurements did not bring out any prominent difference 
between the various treatments. The following general observations may, 
however, be of some interest. The average plant height increased upto a 
point (about 30 cm.) and then diminished (to about 25 cm.) within the last 
three weeks of observation. This was presumably due to the weight of the 
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Figs. 4 and 5. Response of French beans to injection of different inorganic chemicals. 
Ammonium sulphate Calcium acid phosphate 
©--© Potassium sulphate @—# Distilled water 
@----@ Potassium nitrate 4---A Untreated (control) 


pods which were then forming in large numbers. The roots also showed 
marked diminution in length (from about 15 to just over 10cm.) shortly 
before harvest. They tended, however, to become heavier and more bushy, 
so that it would appear that the liberal watering combined with easy access 
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to the nutrients made the plants shallow rooted. The other important 
observations have been recorded in Figs. 4 and 5 and in Table IX. 


Farmyard manure applied on 10th June 1933 and superphosphate on 20th June; 
seeds sown on 22nd June; chemicals injected between 19th and 22nd July; samples 
taken on 19th, 25th, 28th and 3lst July and on 3rd, 7th, llth, 15th, 19th and 23rd 
August ; plots harvested between 28th August and 2nd September. 

TABLE IX. 


Observations at the time of harvest. 


Average per plant Total yield (from 256 plants)} 28 

inem. | cm. of pods in Kg. 

Ammonium sulphate 26-0 7-9 12-4 5-13 4-08 3-9 
Calcium sulphate 28-3 7°8 16-8 6-85 5-36 3-6 
Calcium chloride 26-4 8-4 13-9 6-28 4°75 3-1 
Tricalcium phosphate 26-0 9-0 13-4 5.08 3-92 3-4 
Calcium acid phosphate 27-6 9-5 18-1 8-48 6-59 3-5 
Potassium hydrogen phosphate | 25-9 9-4 16-5 7-65 6-07 3-8 
Potassium sulphate 25-8 9-1 15-0 6-59 5-27 4-0 
Potassium nitrate 29-1 10-1 16-8 8-59 6-46 3-0 
Potassium chloride 26-8 13-4 5-66 4-37 3-4 
Distilled water (control) 25-3 8-6 11-5 . 4-73 3-66 3-4 
Untreated (control) 26-3 14-0 5-58 4-22 3-1 


It may be seen from Fig. 4 that, in all cases, the dry weight of pods 
increased steadily until it attained the maximum value at the time of harvest. 
On the other hand, the dry weight of stem and leaves (Fig. 5) either increased 
or remained more or less stationary for about two weeks and then diminished 
rapidly, finally reaching the lowest value at the time of harvest. These obser- 
vations would show that, in the early stages, the products of assimilation moved 
directly to the pods without any appreciable intermediary storage in stem 
and leaves. When the pods began to mature, there was further draft of 
solids into that region, not only fresh products but also a portion of the 
materials already stored in stem and leaves being thus translocated. These 
observations are generally in accordance with those of Narasimhacharya 
and Sastri (1931) on the tissue fluids of Phaseolus vulgaris. 

The movement of solids into the pods proceeded at more or less similar 
tates in all the cases (Table X). It does not appear to have been influenced 
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by the nature of the chemical injected into the plant. The injury inflicted 
prior to the introduction of the chemical did not make any appreciable 
difference to the ratio of pods to the whole plant, the figures being about 
the same for the experimental as well as the control (untreated) plants. 


TABLE X. 
Percentage of pods to the whole plant 
Chemical injected Number of days after injection 
14 18 22 26 30 34 | 39 
Ammonium sulphate 13-4 27-9 38-8 54-1 60-2 66-3 79-6 
Calcium sulphate 12-3 25-5 32-7 49-8 59 +3 69-1 78-3 
Calcium chloride 16-7 29-9 38-3 52°6 59-2 66-6 75+6 
Tricalcium phosphate 14-2 29-4 34-9 54-2 60-2 67-8 77+1 
Calcium acid phosphate 13-4 26-5 36°7 51-8 59-1 68-3 77°8 
Potassium hydrogen phosphate 15-0 27-9 34-6 51-8 57°3 66-7 79-3 
Potassium sulphate 17-2 31-6 40-3 53-2 60-1 66-5 80-0 
Potassium nitrate 13-6 27-1 39-7 55-6 57-8 69-5 75-+2 
Potassium chloride 15-3 29-5 44-9 54-6 62-6 67-7 77-2 
Distilled water (control) 15-2 29-7 42-9 54-6 61-1 65-4 77°5 
Untreated (control) 12-7 28-1 41-4 57-3 60-3 68-2 15+7 


It would thus be seen that the mode of action of organic extracts (such as 
that from yeast) is different from that of inorganic salts. Some of the 
latter, ¢.g., potassium nitrate or calcium acid phosphate, do, no doubt, 
facilitate increased assimilation, but they have no influence on subsequent 
distribution within the plant. 

When considering the efficiency of different treatments, some allowance 
should be made for the nature of the crop. French beans are naturally highly 
efficient (to the extent of about 80 per cent.) in transforming the products 
of assimilation into seeds. It would be difficult to improve on such a process 
or, at any rate, produce a better effect that can be easily realised in field 
practice. In view of this, it is considered desirable to carry out trials with 
other agricultural crops, so as to further distinguish between the effects of 
organic extracts and inorganic salts. 

Experiments with horticultural plants.—Through the courtesy of the 
Superintendent to Government Botanic Gardens in Mysore, some experiments 
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were conducted in Lal-Bagh, Bangalore, injecting different organic extracts, 
as also inorganic salts, into balsams, zinnias, cosmos and a few other flower- 
ing plants. The pots were prepared with red earth and leaf mould as is 
usually done in horticultural practice. Liberal watering was also given. 
When the plants had grown to useful heights and thickness, the different 
fluids were injected, a simple modification of the original procedure being 
adopted for the purpose. A short piece (length about 10 cm.) of glass 
tubing (internal diameter 1 cm.) was drawn to a narrow point, the end 
being sufficiently sharp to enter the plant without much difficulty. The 
lower part of the tube was bent slightly to one side, so that, while the 
injection was in progress, the tube (which would also constitute the reservoir) 
might remain parallel to the plant. To commence the injection, the fluid 
was sucked into the tube and after closing the top with the thumb, the sharp 
end was introduced into the plant. The tube was then tied to the stem of 
the plant and the top covered with cotton wool to prevent the entry of dust. 


It was observed that in addition to being very convenient, the new 
procedure was even more efficient than the elaborate equipment with the 
hypodermic injection needle. The fluids were taken up very rapidly, 4-5 c.c. 
being the average per plant fora day. In some cases, the entire contents 
of the reservoir (about 10 c.c.) were taken up on standing overnight. 

The response of the plants was not, however, quite satisfactory. In 
some cases, striking changes were noticed, while in others receiving the 
same treatment, none could be observed. ‘There was considerable variation 
among the plants themselves, probably owing to some inherent difference 


TABLE XI. 
Average dry Average dry 
Solution injected Solution injected 
seed per plant seed per plant 
Sodium hydrogen phos- Yeast extract o* 134 

Extract of dried blood 109 
Potassium.chloride .. 47 

Extract of farmyard 
Manganous sulphate .. 50 manure od ee 154 
Ferric sulphate .. | Plants died | Soil extract .. bs 123 
Potassium nitrate vd 140 Distilled water (control) 88 

Untreated (control) .. 81 
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among the seeds used for sowing. In addition to this, some of the experi- 
mental plants were disturbed by monkeys which were present in the 
neighbourhood. In view of these defects, the data relating to yields have 
not been recorded. The above observations (Table XI) relating to balsams 
(variety, Prince Bismarck) may, however, be of some interest. 


Discussion. 


The present enquiry has brought to light a number of interesting 
features in regard to the réle of organic matter in plant nutrition. Some 
of the findings also hold out possibilities of practical application. 


The injection experiments with Helianthus annus have shown that, 
under certain conditions, not only the general growth, but also the ratio 
of flower and seed to the rest of the plant can be greatly improved 
by direct feeding of organic extracts. In addition to supporting the 
findings of previous workers in regard to the existence of substances 
which are helpful to plant growth, these observations also show that 
the extracts contain certain constituents which exercise marked influence 
on plant reproduction. The latter observation is of much practical 
significance, because, in the case of most agricultural and horticultural 
crops, the value of the produce depends on the yield of flowers, fruits or 
seeds, the increased output of which—even without any change in the 
total weight of the plant—would mean bigger returns to the producer. 


The foregoing observations are in agreement with those of Virtanen 
and Hausen (loc. cit.) on water-cultured peas. The two sets of results 
obtained, by separate methods and independently of each other, would 
show conclusively that the active constituents are water soluble and can 
be either taken up through the roots or introduced directly by injection. 


The previous research (Siddappa and Subrahmanyan, Joc. cit.) has 
clearly shown the futility of applying minute quantities of different organic 
substances to soil or sand cultured plants provided with complete supply 
of minerals. The active substances are destroyed on standing for some 
time, so that, if they are to be utilised in field practice, they should be 
either (a) supplied in such large quantities or so frequently that some 
will always remain in the soil and thus be available to the growing plant, 
or (6) fed directly to the plant in some manner that will ensure rapid 
intake and will, at the same time, eliminate the danger of decomposition 
in the soil. The evidence, so far available, is not sufficient to decide 
as to which of the above will prove most satisfactory in field practice. 
Further systematic research, both in the laboratory and on the field, will 
be needed to settle that point. 


| 
dig: 
Bi 
= 
| 
| 
| 
4 
4! 


peri- 

the 
have 
sams 


sting 
ome 


that, 
ratio 
oved 

the 
nces 
that 
ence 
tical 
‘ural 
ts or 

the 


anen 
sults 
ould 

can 


has 
anic 
pply 
ome 


d be 


some 
lant, 
apid 
ition 
cide 
tice. 
will 


Role of Organic Matter in Plant Nutrition 403 


Some of the earlier observations on H. annus suggested that the 
constituents favouring growth were different from those responsible for 
increased flowering and seeding. This inference received support from 
the response of barley and French beans to pure, inorganic salts. 
Some of the latter were, no doubt, helpful, but their mode of action 
was different from that of the organic extracts. The minerals facilitated 
increased assimilation, but did not appreciably alter the distribution of 
matter between the different parts of the plant. If it be assumed that 
the minerals present in the extracts behaved in a manner similar to that 
of the pure substances, it would then follow that the organic constituents 
were primarily responsible for the increased flowering and seeding. 


The mechanism of the action of the different extracts is still obscure. 
The available evidence is not sufficient to show whether they provide 
certain nutrients not ordinarily found in the soil or merely function as 
plant irritants. The conditions relating to the application of the active 
substances so as to obtain the best results under field conditions have 
yet to be standardised. Application to the soil may prove largely wasteful, 
while methods of direct feeding are too elaborate for extended adoption 
in agricultural practice. Further work on these and allied problems is 
in progress and will form the subjects of later communications. 


Summary. 


(1) Injection of minute quantities of certain organic extracts into 
mature sunflower plants led to not only better growth but also greatly 
increased flowering and seeding. The best results were obtained in the 
case of plants receiving extract of yeast or farmyard manure: the total 
yield of flower and seed was nearly tripled and the ratio of seed to the 
rest of the plant nearly doubled as compared with the untreated (control) 
plants. Dried blood was comparatively ineffective. Injection into tender 
plants did not lead to any significant improvement in yield. 


(2) Comparative trials with inorganic salts which were fed directly 
to pot- or plot-cultured French beans or barley did not lead to any marked 
improvement, more satisfactory results being obtained by applying the 
same salts (though in larger quantities) to the soil. In the latter case, 
the beneficial effects could be traced to increased assimilation and better 
general development rather than to any alteration in the ratio of seed 
(pod or grain) to the rest of the plant. 


(3) The practical significance of the above and other observations 
has been discussed. 
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In conclusion, the authors wish to express their appreciation of the 
valuable assistance rendered by Mr. K. Saptha Rishi during the short 


period of his association with the work. 
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7. Introduction. 


IN my previous communication (1935), a comparative account of the 
gastric mill of a number of representative Brachyura was given and an 
attempt was made to collect data on the correlation of the presence of 
the gastric mill and simple mandibles with the habits and habitats of the 
animals. In the present communication, it is proposed to give a similar 


comparative account of the gastric mill of some of the representative 
Anomura. 


2. Material and Method. 


The seven types of Anomura examined by me were obtained from 
Ennur, Plymouth and Naples Biological Supplies Stations and represent 
all the three tribes of Anomura and four families. 


Tribe. Family. 
Galatheidea Galatheidee Galathea strigosa* Fabr. 
Munida rugosat leach. 
Hippidea Hippide Hippa asiatica.t 
Albunide Albunea symnista.t 
Paguridea Paguride Diogenes diogenest Herbst. 


Eupagurus angulatus* Hell. 
Paguristes maculatus* Hell. 

Two or three specimens of each type were dissected. The foregut 
was kept in a weak solution of Caustic Potash overnight and the softened 
muscular tissue was carefully scraped away with a needle. A _ brief 
account of the cardiac and the pyloric stomach and a comparative account 
of the principal ossicles of the gastric mill is given below. 


* From Naples. 
t From Plymouth. 
From Ennur. 
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3. The Cardiac Stomach. 


In all the Anomura examined by me, the body is less flattened 
dorsoventrally than in Brachyura and the thoracic portion is longer than 
broad. The cardiac stomach follows similar modifications and consists 
of an elongated sac broader at its posterior end and slightly depressed 
above downwards. The floor of the cardiac stomach is limited on either 
side by a deep ventral groove having the same disposition and function 
asin Brachyura. ‘The characteristic covering of comb-like linear rows of 
elongated setz over the groove is always present. The Jateral accessory 
teeth are not always present. They are wanting in Diogenes, Eupagurus, 
Paguristes and Albunea. In Munida (Fig. 2, l.a.t.) and Galathea each 
tooth consists of a small triangular or oval plate bordered with rosethorn- 
shaped spines. It is interesting to note that similar lateral accessory 
teeth are present in the tribe Thalassinidea which is included in Anomura 
by some authors. In Hippa a distinct lateral accessory tooth is absent 
but on the anterior edge of the zygocardiac ossicle there is a small 
finger-shaped process (Fig. 4, X.) with a thickly chitinised tip and 
covered over with sete. This process probably represents the lateral 
accessory tooth. The most interesting feature of the cardiac stomach 
is the cardiac pyloric valve. In all the types examined by me, it consists 
of a pair of pear-shaped chitinous thickenings meeting obliquely at the 
posterior end. These thickenings are covered over with short transverse rows 
of blunt sete or thin ridges which give them a corrugated appearance 
(Figs. 1 to 3, c.p.v.). In Hippa (Fig. 4, c.p.v.) there is a single row 
of thick spines, each having a broad base. Similar condition of the 
cardiac pyloric valve is also met with in Thalassinidea (to be described 
in a subsequent communication). The valve is always pigmented deep 
brown or yellow and thus indicates that in addition to its function of 
closing the cardiac pyloric opening, it acts as a fourth median ventral 
tooth, getting rubbed over by the movements of the dorsal median tooth. 
The cardiac pyloric valve is not generally a toothed valve in the 
Brachyura, except in Cardisoma and Paratelphusa, and also in Macrura. 


4. The Gastric Mill. 


The gastric mill is composed of typical ten ossicles, viz., the median 
mesocardiac and the lateral pterocardiac ossicles forming the anterior arch, 
the pyloric, the paired exopyloric and the zygocardiac ossicles forming 
the posterior arch and the anterior urocardiac and posterior prepyloric 


ossicles connecting the two arches. A comparative account of each ossicle 
is given below. 
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(a) Ossicles of the Anterior Arch—The mesocardiac ossicle is peculiar 
in the fact that it forms the largest portion of the anterior arch. It may 
be semicircular in shape with the convexity pointing forwards, ¢.g., 


Munida, Paguristes (Figs. 2 and 3, m.c.) and Albunea, or triangular with 
the apex pointing forward, e.g., Eupagurus (Fig. 1, m.c.) and Galathea. 
In Diogenes it is more or less oblong with the largest side across the 
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transverse plane. In Hippa (Fig. 4, m.c.) the triangular plate is folded 
downwards and slightly inwards. In all cases, the posterior portion of 
the ossicle, where it is articulated with the urocardiac ossicle, is very thick 
and densely calcified, while the anterior portion is thin and membranous. 
On either side of the base of the ossicle there is a small chink where it 
articulates with the pterocardiac ossicle of the same side. Correlated with 
the large size of the mesocardiac ossicle are the small pterocardiac ossicles. 
Fach is a triangular curved plate articulating with the mesocardiac ossicle 
along the broad base and running obliquely downwards, its apex is 
attached to the anterior process of the zygocardiac ossicle. In the shape, 
size and disposition of the ossicles of the anterior arch the Anomura seem 
to resemble the Macrurous type of the gastric mill. 


(b) Ossicles of the Posterior Arch.—The pyloric ossicle is always a curved 
plate, convex on its upper surface, and forms the roof of the anterior 
portion of the pyloric stomach. In Eupagurus, Hippa (Figs. 1 and 4, p.) and 
Albunea it is strongly calcified at its sides, while the median portion is thin 
and less calcified and gives the ossicle a paired appearance. In other forms, 
e.g., Munida (Fig. 2, p.), Diogenes and Galathea, however, it is more or less 
uniformly thick and calcified. The posterior border of the pyloric ossicle is 
usually a circular curve, e.g., Eupagurus (Fig. 1, p.), Galathea and Albunea 
but in Paguristes, Hippa (Figs. 3 and 4, ~.) and Diogenes, the posterior 
border is drawn backwards into a more or less angular process. In Diogenes 
the pyloric ossicle presents a pentangular form and in Munida (Fig. 2, 
p.) it is heart-shaped in outline. The exopyloric ossicles are small and 
are not clearly differentiated from the pyloric. Each ossicle is either 
irregularly four-sided, e.g., Munida, Paguristes (Figs. 2 and 3, ex.p.) and 
Diogenes ot more or less triangular, e.g., Eupagurus, Hippa (Figs. 1 and 
4; ex.p.), Galathea and Albunea. Its basal portion is always thick, while 
towards its apex it gets thinner and less calcified. The zygocardiac ossicles 
resemble in shape and disposition a typical one in Brachyura. Anteriorly 
each ossicle is produced into a long process articulating with the outer end 
of the pterocardiac ossicle of its side and posteriorly into a short vertical 
process articulating with the exopyloric ossicle. Its median edge is modified 
into a lateral tooth. In Munida (Fig. 2, 1.t.) and Albunea the lateral tooth 
consists of a single large anterior denticle followed by a row of thin vertical 
ridges. In the remaining forms examined by me, ¢.g., Eupagurus, Hippa 
(Figs. 1 and 4, /.t.) and Diogenes, there are two large anterior denticles 
followed by rather thick ridges varying between four and twelve in number. 
The denticles and the ridges form a curved row with the convexity facing 
downwards and are, as usual, covered with a thick brown or yellow pigment. 
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(c) Ossicles connecting the two arches—The anterior median urocardiac 
ossicle is always flattened and T-shaped and runs obliquely backwards and 
downwards. The transverse part of the T-shaped plate is usually straight, 
e.g., Munida, Paguristes, Hippa (Figs. 2,3 and 4, u.c.), Albunea, Diogenes 
and Galathea but in Eupagurus (Fig. 1, u.c.) it is curved with the convexity 
backwards. It is firmly ankylosed with the base of the mesocardiac ossicle. 
The edges of the median longitudinal part of the T-shaped plate are more 
or less curved and posteriorly they bulge out and give the ossicle a flask- 
shaped appearance. On the posterior half of its inferior surface the 
urocardiac ossicle bears a median tooth which shows interesting modifica- 
tions. In Eupagurus, Paguristes (Figs. 1 and 3, m.t.), Diogenes and 
Galathea, it consists of a single ossicle which is U-shaped in outline, while, 
in Munida and Hippa (Figs. 2 and 4, m.t.) it is V-shaped. In Albunea it 
consists of two circular transversely ridged denticles placed side by side. 
In Paguristes (Fig. 3, m.t.) the sides of the U-shaped tooth are carved into 
a transverse row of thin ridges. In Hippa (Fig. 4, m.t.) there is a pair of 
large, spindle-shaped, corrugated denticles situated in front of the V-shaped 
terminal tooth. The denticles and the ridges constituting the median tooth 
are impregnated with a deep brown or yellow pigment. The prepyloric 
ossicle is also a T-shaped, strongly calcified plate. The transverse part of 
the plate is held between the anterior processes of the pyloric ossicle, 
while the lower end of the vertical part of the T-shaped ossicle is usually 
bifid and firmly ankylosed to the lower and posterior end of the urocardiac 
ossicle. ‘The ossicle may be bordered with more or less straight edges as 
in Eupagurus (Fig. 1, pr.p.), Diogenes and Albunea or may be bulged out 
and strongly curved to give the ossicle a flask-shaped appearance, ¢.g., 
Munida and Hippa (Figs. 2 and 4, pr.p.). 


Distinction between the Anomurous and Brachyurous types of Gastric Mill.— 
The gastric mills of a number of Brachyura and Anomura examined 
by me show that the gastric mill in Brachyura is characterised by the 
presence of a small mesocardiac and elongated pterocardiac ossicles; the 
posterior border of the pyloric ossicle is round and the cardiac pyloric valve 
is usually simple and covered with sete. On the other hand, in Anomura the 
mesocardiac ossicle is invariably large and the pterocardiac ossicles are very 
small and curved ; the posterior border of the pyloric ossicle is usually drawn 
backwards and the cardiac pyloric valve is modified into a grooved median 
ventral tooth. In Brachyura the lateral accessory teeth are usually present 
and consist of a group of stout spines. In Anomura they are more usually 
absent and in the forms in which they are present, e.g., Munida and Galathea, 
each tooth consists of a triangular or oval plate bordered with short spines. 
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5. The Pyloric Stomach. 


The structure of the pyloric stomach is essentially similar to one found 
in Brachyura. The inter-ampullary ridge (Patwardhan, 1934, p. 184, Fig. 2, 
i.a.r.) is very thick and pad-like and effectively separates the dorsal from the 
ventral chamber of the pyloric stomach. The opening between the pyloric 
stomach and the midgut is guarded typically by six valves: a dorsal 
median from the middle of the roof of the pyloric stomach, a pair of 
dorsolateral and inferolateral from the sides of the dorsal chamber and one 
median ventral which is a backward prolongation of the inter-ampullary 
ridge. These valves are elongated, project backward and are covered with 
long sete. Such a typical arrangement is found in Diogenes, Hippa, 
Paguristes and Eupagurus. In other forms examined by me the dorsal 
median valve is split into two and in Albunea the dorsolateral valves are 
absent. 

6. The Midgut and the Hepatopancreas. 


Unlike Brachyura, the midgut is perhaps the largest portion of the 
intestine in Anomura, e.g., Eupagurus (Jackson, 1913) and Paguristes 
(Yonge, 1932). The extent of the midgut is indicated externally by the 
presence of three intestinal cece: a pair of elongated and coiled pyloric 
cece near the commencement of the midgut and a similar median dorsal 
one near the commencement of the hindgut (Jackson, 1913). The structure 
of the hepatopancreas, as described by Jackson, seems to be essentially 
similar to one found in other Decapods. 


7. Masticatory Mechanism of Anomura. 


In all the Anomura examined by me the mandibles are remarkably 
similar. The head portion is simple and consists of (a) a median cutting 
plate, the incisor process, which may have a sharp and straight edge as in 
Diogenes, Galathea, Munida and Paguristes (Fig. 5, A, B, D and E), or 
indentations as in Eupagurus and Albunea (C and F); (8) an elliptical 
or spindle-shaped prominence on the inner or superior surface of the head 
region, the so-called “‘ molar process’’, distinguished from the functional molar 
process by the absence of deeply pigmented chitinous covering ; and (c) a two- 
jointed palp plying on the inner or superior surface of the cutting plate. 
In Hippa (Fig. 5, G) the mandibles are extremely reduced and are repre- 
sented by a short incisor process and a small two-jointed palp. The 
masticatory appendages of Anomura, therefore, subserve the function of 
tearing the food and thrusting the morsels into the mouth, while the 
function of mastication, i.e., of reducing the food to a pulp, is left for 
the gastric mill. The simple mandibles, the complex gastric mill, the 
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pyloric filter and the midgut and hepatopancreas are, as in Brachyura, 
correlated adaptations for proper alimentation of food. 


8. Discussion. 


In the concluding part of my previous paper (1935), an attempt was 
made to explain why in Brachyura the function of mastication of food is 
wholly limited to the gastric mill and not shared by the mandibles. Similar 
considerations are also applicable to Anomura. Anomura are included in 
the sub-order Reptantia (Boas, 1880; Borradaile, 1907), a group characterised 
by the presence of gastric mill. It is believed that hermit-crabs are 
derived from primitive lobsters which discovered the advantages of portable 
shelter of gastropod shells (Calman, 1911). It may therefore be inferred that, 
as in Brachyura, the gastric mill is a legacy from the lobster-like ancestors. A 
study of the habits and habitats of the hermit-crabs also leads us to 
similar conclusions. Like Brachyura, the Anomura are also characterised 
by an almost universal presence of a variety of protective and sheltering 
adaptations. The Paguride are the hermit-crabs dwelling in empty 
gastropod shells. An interesting form, Pylocheles miersii (Alcock, 1906), 
inhabits pieces of bamboo. Other forms have abandoned this primitive 
portable shelter and have taken recourse to different means, e.g., holes in 
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corals, in the canals of sponges or beneath stones and in crevices of rocks, 
e.g., Galathea, Porcellana and Munida. Mole-crabs, e.g., Hippa and Albunea, 
have flattened legs to burrow holes in sand. Shore-crabs (Lithodide), land- 
forms (Conobitide) and the robber-crab (Birgus) are secondarily modified for 
free and independent life. The diverse modes of protective adaptations, 
coupled with the nervous anxiety of a ‘‘ bather whose clothes have been 
stolen’ (Taylor’s quotation in Jackson, 1913) exhibited by hermit-crabs 
when the old shell is abandoned and a new one is to be secured after every 
moulting and at the occasional fights between fellow crabs for appropri- 
ating the precious suitably sized shell, and the occurrence of hypnosis in 
Paguristes and Porcellana (Flattely and Walton, 1922) lead us to the 
conclusion that the majority of Anomura lead a very anxious and nervous 
life which results in a hurried swallowing of morsels of food thrust into the 
mouth. Their thorough mastication to facilitate digestion necessitates the 
presence of a gastric mill in the cardiac stomach. 


9. Summary. 


The seven types of Anomura examined contained a complex gastric 
mill. A brief account of the cardiac and the pyloric stomach and a 
comparative account of the principal ossicles of the gastric mill is given. 


In possessing a large mesocardiac ossicle and small pterocardiac ossicles, 
the gastric mill of Anomura resembles a Macrurous type. The chitinised 
tooth-like cardiac pyloric valve is a characteristic feature of Anomura 
occurring only in a few Brachyura and in the tribe Thalassinidea. The 
lateral accessory teeth, when present, resemble those found in Thalassinidea. 


The mandibles are remarkably simple and uniform in structure 
(excepting in Hippa where they are reduced), and each consists of a median 
cutting incisor process, a molar prominence and a two-jointed palp. 


An attempt is made to explain the presence of simple mandibles and 
complex gastric mill with reference to the fact that 


(a) the Anomura are grouped in the sub-order Reptantia characterised by 
the presence of a gastric mill; 


(b) the hermit-crabs derived from lobster-like ancestors which possess 
a gastric mill, and 


(c) the usual occurrence of protective adaptations in Anomura and the 
nervous and anxious life of hermit-crabs necessitates a hurried 


swallowing of morsels of food without proper mastication, in the 
buccal cavity. 
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cks, EXPLANATION OF FIGURES. 

nea, The ossicles of the gastric mill viewed on the same plane. Inner view. 
and- Fig. 1. Ewpagurus angulatus Hell. 

1 for Fig. 2. Munida rugosa Leach. 
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ON THE STRUCTURE AND MECHANISM OF THE 
GASTRIC MILL IN DECAPODA. 


IV. The Structure of the Gastric Mill in Reptantous Macrura. 


By S. S. PATWARDHAN, M.Sc., 
Department of Zoology, College of Science, Nagpur. 


Received January 25, 1935. 
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1. Introduction. 

THE sub-order Macrura may be divided into two groups: (1) Reptantous 
Macrura, comprising crayfishes, lobsters and allied forms and characterised 
by possessing a dorsoventrally flattened body and a crawling and climbing 
mode of locomotion, and (2) Natantous Macrura comprising prawns and 
shrimps, characterised by possessing a laterally flattened body and a 
swimming mode of locomotion. The Reptantous Macrura are also 
characterised by the universal presence of a complex gastric mill and 
simple mandibles. In the present communication it is proposed to give 
a comparative account of the gastric mill in Reptantous Macrura. 


2. Material and Method. 

The gastric mills of crayfish, Astacus fluviatilis, Palinurus and of many 
other lobsters have been already described in many text-books (Huxley, 
1880; Powell, 1913). The material at my disposal consists of six species 
obtained from various Biological Supplies Stations and represents all 
the tribes, excepting Eryonidea, and four families. 


Tribe Family 
Nephropsidea Nephropside Homarus vulgaris* M. Edw. 
Nephrops norvegicus} Leach. 
Loricata Palinuride Palinurus vulgaris* Latr. 
Scyllaridee Scyllarus arctust Fabr. 
Thalassinidea Callianassidee Callianassa subterraneat Leach. 


Gebia littoralist Desm. 


Two or three specimens of each type were examined and were treated 
with Caustic Potash as I did in Anomura. A brief account of the cardiac 


* From Plymouth. 
+ From Naples. 
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and the pyloric stomach and a comparative account of the principal ossicle 
of the gastric mill is given below. 


3. The Cardiac and the Pyloric Stomach. 

The cardiac stomach is usually a subspherical sac or it may be slightly 
elongated anteriorly. It is always flattened from above and _ this 
flattening is correlated with the dorso-ventral depression of the body of 
the lobsters. The paired ventral grooves, limiting the floor of the cardiac 
stomach from the sides, are always present. The comb-like rows of thick 
sete covering these grooves subserve a similar function as in Anomura 


mca 


and Brachyura. The Jateral accessory teeth are absent in Scyllarus! and 
Palinurus. In Nephrops (Fig. 1, l.a.t.) and Homarus each tooth consists 


1 In Scyllarus, there is a short tooth-like process on the anterior edge of the 
zygocardiac ossicle which perhaps represents as in Hippa (Patwardhan, 1935), the 
lateral accessory tooth, 
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of two or three small spines. In Callianassa (Fig. 3, 1.a.t.) it consists 
of a triangular plate bordered with short spines—a condition usually met 
with in Anomura. The cardiac pyloric valve usually consists of a pair 
of lobes crowned with sete, e.g., in Nephrops, Palinurus (Figs. 1 and 2, 
c.p.v.), Homarus and Scyllarus. In Callianassa (Fig. 3, c¢.p.v.) and 
Gebia, the lobes of the cardiac pyloric valve bear teeth-like cuticular 
outgrowths deeply pigmented brown or yellow—-a condition characteristic 
of Anomura. 

The pyloric stomach is narrow and constricted off from the cardiac 
stomach. It is usually not broader than long, except in Scyllarus in which 
it is slightly elongated. The ossicles developed in the wall of the pyloric 
stomach are not thick and calcified to the same extent in all the types 
examined by me. In Palinurus and Scyllarus they are thin, while in 


m.c 


the remaining forms they are thick and densely calcified. The pyloric 
stomach is divided into two chambers by a pair of lateral folds: (1) a dorsal 
chamber, and (2) a ventral chamber. The latter chamber contains the 
characteristic filtering apparatus. ‘The opening between the pyloric stomach 
and the midgut is guarded by four valves arranged as follows: (a) a dorsal 
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median, (b) a pair of latero-ventral from the wall of the dorsal chamber and 
(c) a median ventral, which is a backward prolongation of the inter-ampullary 
ridge of the filtering apparatus. In Callianassa and Gebia the dorsal 
median valve is reduced and there is an additional Jatero-dorsal pair of 
valves, one on each side of the dorsal chamber. These valves are usually 
elongated, directed backward and covered over with elongated sete. In 
Palinurus, the valves are flattened and broad and in Callianassa and 
Gebia, the latero-dorsal valves are broken up into a number of long strands. 


4. The Gastric Mill. 


In all the types examined by me, the gastric mill is well developed and 
consists of the same typical ten ossicles as in Brachyura and Anomura. 

(a) Ossicles of the anterior arch.—As in Anomura, the mesocardiac ossicle 
forms the largest portion of the anterior arch. It is semicircular in Nephrops, 
Callianassa (Figs. 1 and 3, m.c.), Homarus and Scyllarus or triangular as in 
Palinurus (Fig. 2, m.c.). In Gebia, it is a transverse oblong plate. Laterally 
the base of the ossicle presents on each side a small chink where it is articu- 
lated with the pterocardiac ossicle of its side. 


Correlated with the large size of the mesocardiac ossicle are the small 
pterocardiac ossicles. Each is a curved triangular plate articulating with the 
mesocardiac ossicle along the broad base, while its bent apex is connected 
to the anterior process of the zygocardiac ossicle. Such a typical arrange- 
ment is found in Nephrops, Callianassa (Figs. 1 and 3, pt.c.), Homarus and 
Gebia, but in Palinurus (Fig. 2, pt.c.) and Scyllarus these ossicles are slightly 
elongated and straight. 

The relative sizes of these two ossicles, viz., mesocardiac and pterocar- 
diac ossicles, are the same as in Anomura (Patwardhan, 1935) and also as in 
Natantous Macrura to be described in a subsequent paper. 


(b) Ossicles of the posterior arch.—The pyloric ossicle is a flattened curved 
plate forming the anterior portion of the roof of the pyloric stomach. Its 
posterior border isa simple curve, e.g., Nephrops, Palinurus (Figs. 1 and 2, #.) 
and Scyllarus. In Homarus, it is drawn backwards into a conical projection 
and thus gives the ossicle a triangular appearance. In Palinurus (Fig. 2, p.), 
the middle and the posterior region of the ossicle is thin and less calcified, 
while in the remaining forms the calcification is more or less uniform. 
The exopyloric ossicles are not distinctly marked off from the pyloric ossicle, 
But their size and shape can be fairly determined by following the discon- 
tinuous anterior margin of the pyloric ossicle and the deficiency of 
calcification of the membrane connecting the exopyloric and the pyloric 
ossicle. In Nephrops and Callianassa (Figs. 1 and 3, ex.p.) and Homarus the 
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exopyloric ossicles appear to be irregularly four-sided, while in Palinurus 
(Fig. 2, ex.p.) and Scyllarus they are triangular. The zygocardiac ossicles are 
typically three-sided and each projects from the side into the cavity of the 
cardiac stomach. TI,aterally each ossicle presents a long anterior process 
which is connected to the outer end of the pterocardiac ossicle of its side. 
Posteriorly there is a small vertical process which articulates with the 
exopyloric ossicle. The median edge of the ossicle is modified into a lateral 
tooth. The latter consists of one, e.g., Palinurus, Callianassa (Figs. 2 and 
3, 1.4.) and Scyllarus, or two, e.g., Nephrops (Fig. 1, 1.t.) and Homarus, stout 
anterior denticles followed by a row of vertical ridges of varying thickness. 


(c) Ossicles connecting the two arches. -—The anterior urocardiac ossicle is 
platelike, with its long axis lying obliquely along the median longitudinal 
plane. Its anterior portion is broad and gives the ossicle a bell-shaped 
appearance as in Nephrops, Callianassa (Figs. 1 and 3, u.c.) and Scyllarus or 
a triangular one as in Palinurus (Fig. 2, u.c.). The posterior half of its 
inferior surface bears the median tooth which shows some interesting modi- 
fications. In Nephrops (Fig. 1, m.t.) and Homarus it consists of a single 
median U-shaped tooth with a pair of small denticles in front of it. In 
Palinurus (Fig. 2, m.t.) and Scyllarus the median tooth is thin and bifid and 
is folded upon itself anteriorly. The sides of the urocardiac ossicle leadin& 
upto the folded median tooth are marked with indentations. In Callianassa 
(Fig. 3, m.t.) and Gebia the median tooth is heart-shaped and elliptical 
respectively and in both the sides of the tooth are sloping and carved into 
thin transverse ridges. The lateral as well as the median teeth are deeply 
pigmented brown or vellow. The prepyloric ossicle may be, more or less, 
a T-shaped plate, e.g., Callianassa (Fig. 3, pr.p.) or Y-shaped, e.g., Palinurus 
(Fig. 2, pr.p.) and Scyllarus. In Nephrops (Fig. 1, pr.p.), Homarus and Gebia 
it is more or less triangular with curved edges. The base of the triangular 
plate or the transverse portion of the differently shaped ossicle is connected 
to the pyloric ossicle while the apex of the triangular or the lower end of 
the longitudinal portion of the T- or Y-shaped ossicle is always bifid and is 
connected to the posterior end of the urocardiac ossicle. 


5. Feeding Mechanism. 


Feeding mechanism of the crayfishes and lobsters is well known. The 
elongated antenne explore the neighbourhood by whipping water in 
different planes to locate the food material by the sense of smell. The food 
is either caught by the antenne or the pincer claws and if the food is far 
away the animal leaves its abode, usually a crevice in rock or a burrow in 
sand, captures its prey, transfers it to the maxillipeds and quickly returns 
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to its place of shelter (Williamson, 1904). The larger claws are very 
powerful and are used for crushing or breaking open shells, while the smaller 
ones act as prehensile organs and are used to tear the food material into 
suitably sized morsels and to transfer them into the mouth. 


As in Anomura and Brachyura the mandibles are remarkably simple in 
structure. The ‘ head” portion bears the incisor process which may have 
a bluntly toothed edge smeared with a yellow or brown pigment, e.g., 
Nephrops, Homarus, Palinurus, Scyllarus and Gebia (Fig. 4, A, B,C, D and F) 
or the teeth may be very prominent and deep as in Callianassa (E). The 
molar prominence is altogether wanting in Scyllarus. In Palinurus and 
Callianassa it is represented by a simple ridge, while in Homarus, Nephrops 
and Gebia it is round or ovalin shape. A three-jointed palp, playing on the 
superior surface of the incisor process is always present, excepting in 
Scyllarus (Fig. 4, D) where it is very much reduced. 


The structure of the mandibles thus indicates that the mastication of 
food does not take place to any appreciable extent in the buccal cavity. 


6. Discussion. 


While explaining the presence of a complex gastric mill and the 
consequent presence of simple mandibles in Anomura and Brachyura it was 
pointed out that there were reasons to believe that Anomura and Brachyura 
are derived from lobster-like ancestors which possess gastric mill. It is 
also believed that crayfishes are derived from marine lobsters and that 
“lobsters are derived from prawn-like swimming forms which have sacrificed 
some of their agility in developing their heavily armoured plating. .... . 
(Calman, 1911). The beginnings of gastric mill are already found in some 
Natantous Macrura, e.g., Peneidea and hence it may be said that as in 
Anomura and Brachyura, the gastric mill is a legacy from the ancestors. 


The absence or presence of a gastric mill in the cardiac stomach 
depends upon whether the process of mastication of food is to be completed 
before or after the act of swallowing the morsels of food thrust into the 
buccal cavity. It seems that a change from a swimming mode of locomo- 
tion to that of a creeping and a climbing one necessitates transference of 
mastication after the act of swallowing from the mandibles in the buccal 
cavity to the gastric mill in the cardiac stomach. The change of the mode 
of locomotion has placed these animals in new pathways of food, new 
environment and new enemies. They have developed protective adap- 
tations, e.g., of lurking in crevices of rocks or in burrows in sand and _ lead 
an alert and watchful, if not a nervous and timid life. This must have 


wie 
Five 
cig 


maller 
l into 


ple in 
have 
ind F) 

The 
s and 
rhrops 
the 
ng in 


ion of 


Gastric Mill in Decapoda 421 


necessitated a hurried swallowing of food material without its proper masti- 
cation in the buccal cavity. The presence of the gastric mill in the cardiac 
stomach, and the consequent absence of the highly specialised mandibles in 
the buccal cavity is thus an adaptation demanded by a new mode of 
locomotion and a new environment, by a change in habits and habitats 
of the animals. 

7. Summary. 

For convenience of treatment the sub-order Macrura has been divided 
into two groups: (a) Reptantous Macrura comprising crayfishes and lobsters, 
and (b) Natantous Macrura comprising prawns and shrimps. The present 
communication deals with the former group characterised by a universal 
presence of the gastric mill. 


A large mesocardiac and small pterocardiac ossicles and indistinct 
exopyloric ossicles bring this group nearer to those Natantous Macrura in 
which the beginnings of the gastric mill are already found. 

The lateral accessory teeth may be present or absent. The cardiac 
pyloric valve is simple and covered with sete, excepting in some Thalassinidea 
in which it is chitinised and toothed. 

The mandibles are remarkably uniform and simple and are adapted for 
holding, tearing and shovelling morsels of food into the mouth. Each 
mandible consists of a median cutting plate, the incisor process, a molar 
prominence and a two- or three-jointed palp. 


An attempt is made to correlate the presence of the simple mandibles 
and the complex gastric mill, which indicates that proper mastication of 
food takes place after it is swallowed, with reference to the fact that 

(a) the lobsters and the crayfish derivatives of lobsters are derived 

from prawn-like swimming forms in which the beginnings of 
gastric mill are found and, therefore, the gastric mill may be 
regarded as a legacy from these ancestors ; 


(6) a change from a swimming to a crawling or climbing mode of 
locomotion has resulted in adaptations of habits and habitats 
more or less similar to those found in Anomura and Brachyura 
which necessitated transference of mastication from mandibles in 
the buccal cavity before swallowing to the gastric mill in the 
cardiac stomach after swallowing. 
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EXPLANATION OF FIGURES. 


The ossicles of the gastric mill viewed on the same plane. Inner view. 


Fic. 1.—Nephrops norvegicus Leach. 


Fic. 2.—Palinurus vulgaris Latr. 


Fic. 3.—Callianassa subterranea Leach. 


Fic. 4.—Inner view of the * head ” of the mandible. 
A. Nephrops norvegicus Leach. 


C.p.v. 
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Homarus vulgaris M. Edw. 
Palinurus vulgaris Latr. 
Scyllarus arctus Fabr. 
Callianassa subterranea Leach. 
Gebia littoralis Desm. 
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Introduction. 


ALTHOUGH a fair amount of work has been done on the family Leguminose 
in general, the sub-family Mimosacee has so far received little attention. 
Schnarf (1931) has recently reviewed the literature in this connection and 
it is unnecessary for us to repeat it. Two important papers have appeared 
since then, one on Albizzia lebbek (Maheshwari, 1931) and the other on 
Acacia Baileyana (Newman, 1933). 

In Albizzia lebbek (Maheshwari, 1931) the archesporial cells in the 
anther are rather late in differentiation. ‘The mother cells, four in each 
lobe, undergo the reduction divisions in the usual way, but the microspores 
do not separate and the entire product of the sporangium is liberated as a 
sixteen-celled pollinium. The nucellus has one, sometimes more archespo- 
rial cells. ‘The megaspore mother cell, on reduction, gives rise to a linear 
or T-shaped tetrad of megaspores, of which the chalazal produces an eight- 
nucleate gametophyte of the normal type. The polar nuclei do not fuse 
till the time of fertilisation, and the antipodals are persistent. Degenera- 
tions are very common in both anthers and ovules, and the majority of 
flowers fall off without producing fruits. 

In Acacia Baileyana (Newman, 1933) are found varying degrees of 
sterility within the flower heads. The pollen grains form a pollinium of 16 
cells as in Albizzia. The integuments are very poorly developed. They 
arise about the time of megaspore formation, and even at fertilisation they 
are only minute ridges round the chalazal so that the ovule is virtually 
naked. Three or four megaspores may be formed, and either the distal or the 
chalazal may function.2 In one degenerated ovule two embryo sacs were 


1 This paper was originally submitted by the junior author in part fulfilment of the 
requirements of the M.Sc. degree of the Agra University, in the year 1933. Since then 
the work was continued singly by the senior author, who is mainly responsible for the 
paper as it appears at present in its final form.—P. Maheshwari. 

2 A tendency towards occasional growth of the distal megaspore was also noted by 
Maheshwari (1931; fig. 21) in Albizzia. 
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seen, and they are interpreted as being the result of the functioning of two 
spores. This is supported by another case where two megaspores of the 
same tetrad had begun to enlarge. One case of proliferation was found 
where a small flower had developed inside another flower. 


In a later communication the same author (Newman, 1934) reports the 
presence of polyspermy in connection with endosperm formation. The 
presence of more than three nucleoli and a very much higher number 
of chromosomes are cited in support. It is believed that the extra sperm 
nuclei resulted from more than one pollen tube getting into the embryo sac. 


Material and Methods. 


Neptunia oleracea, the floating sensitive plant, occurs in many places in 
India on the surface of water in pools or swamps and has stout floating 
stems with clusters of roots at the nodes and a remarkable development of 
spongy white aerenchyma* on the internodes. The leaflets are small and 
sensitive and up to 15 pairs may be present in each pinna, of which there 
may be 4—6 ina leaf. The plants have a wonderful capacity to withstand 
unfavourable conditions; for even in the months of March and April when 
the pools have dried up, some can still be seen creeping on the dry land. 

To start with Dr. P. Maheshwari very kindly handed over to us some 
prepared slides and some material fixed in formalin-acetic-alcohol. In 
October 1933 and again in October 1934 further material of different ages 
was fixed from Parkham, a place about 25 miles from Agra. 


The following fixatives were used: Formalin-acetic-alcohol, Chromo- 
acetic acid, Licent’s fluid and Nawaschin’s fluid. Most of the slides were 


stained in Iron-alum Hematoxylin, but Crystal violet and Erythrosin were 
also used in some cases. 
The Flower. 


The inflorescence is a globose head borne on a long peduncle in the axil 
of a bipinnate leaf. All the flowers (usually ranging between 50 and 60) 
in an inflorescence are not alike. There is seen here a good illustration of 
division of labour, as pointed out by Geitler (1927). The upper flowers are 
bisporangiate and typically Mimosean in character. The lower are sterile 
with petaloid staminodes having no anthers at their.tips.. These flowers are 
meant merely to attract insects for pollination. Between these two types 
are a few flowers showing an intermediate structure. In these the petaloid 
staminodes bear rudimentary anthers at their tips and the upper among 


3 The development of aecrenchyma in this plant has recently been studied by 
Metcalfe (1931) and our observations are in complete agreement with his. 


3 
; 


two 
f the 
ound 


; the 

The 
mber 
perm 
) sac, 


Ses in 
ating 
nt of 
| and 
there 
stand 
when 
land. 
some 
In 
ages 


were 
were 


e axil 
id 60) 
on of 
rs are 
sterile 
rs are 
types 
taloid 
mong 


ed by 


The Gametophytes of Neptunia oleracea Lour 425 


them also possess pistillodes. On an average, the total number of fruits 
appearing in an inflorescence never exceeds half-a-dozen. In Albizzia 
(Maheshwari, 1931) and Acacia (Newman, 1933) sterility is so pronounced 
that whole inflorescences drop off entirely and of those that remain, 
usually no more than one or two flowers form fruits. 


Microsporogenesis and Male Gametophyte. 


Wall layers.—A transverse section through a staminode shows a flattened 
structure with two air spaces one on each side (Fig. 1). The filament of a fertile 
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Fic. 1.—T. S. filament of a staminode showing two large air spaces and a single 
vascular bundle. x 175. 

Fic. 2.—L. 8. ovary showing orientation of ovules. x 30. 

Fic. 3.—L. 8S. ovary showing one abnormal orthotropous ovule at the upper end. x 30. 

Fig. 4.—L. S. abnormal ovule, shown in Fig. 3, slightly enlarged. x 110. 

Fic. 5.—Abnormal ovule showing two nucelli with one embryo sac in each (reconstruct- 
ed from eight serial sections). x 110. 


stamen is circular in transverse section with many small air spaces. There 
is a single vascular bundle in each stamen or staminode. The anther is at 
first composed of a mass of homogeneous cells, which becomes four-lobed. 
As reported in Albizzia lebbek (Maheshwari, 1931) the archesporial cells are 
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rather late in differentiation and can only be distinguished after one or two 
layers of wall cells have been formed. 

The parietal tissue is composed of a tapetal layer, two middle layers 
and the endothecium, lying just beneath the epidermis. The endothecium 
develops the characteristic fibrous thickenings during the maturation of the 
pollen grains. The tapetum remains uni-nucleate (Fig. 6) and attains its 
maximum development at the time of reduction of microspore mother cells, 
The uni-nucleate condition of the tapetum seems to be of wide occurrence 
in the family Leguminosae. It has been reported in Albizzia lebbek (Mahesh- 
wari, 1931), Phaseolus vulgaris (Weinstein, 1926), Lathyrus odoratus (Latter, 
1926), Medicago spp. (Reeves, 1930; Cooper, 1933), Melilotus alba (Castetter, 
1927), but in Cassia didymobotrya (Sethi, 1930) the cells become progressively 
bi-nucleate, tri-nucleate and even tetra-nucleate.t At the time of microspore 
formation the nuclei of the tapetum take a denser stain and the cells give 
an indication of separating from one another. There are clear signs of their 
degeneration at this stage, and by the time the pollen grains are mature 
there is no trace of them. Thus the wall of the loculus is finally composed 
of only the endothecium and the epidermis, the middle layers having dis- 
appeared earlier. 

Formation of microspores.—A transverse section of an anther shows 
only one or two mother cells but a longitudinal section shows a 
row of eight to ten cells. They are polygonal in shape with very 
conspicuous and densely staining cytoplasm (Fig. 6). They increase 
considerably in size before the heterotypic division sets in, and at the 
synizesis stage they begin to separate from one another, though they still re- 
tain their angular form. Later they round up and secrete a thick wall which 
is only faintly visible in sections stained with iron-alum hematoxylin, but 
appears homogeneous when sections are stained with fast green. The 
appearance of such gelatinous matrix has also been reported in Phaseolus 
vulgaris (Weinstein, 1926) and Melilotus alba (Castetter, 1925). No wall is 
formed at the close of the first division, and the spindle fibres entirely 
disappear after the telophase>. The two spindles in the homotypic division 
are nearly at right angles to each other and the resulting microspores are, 
therefore, tetrahedrally arranged (Fig. 7). 


# An especially interesting condition of the tapetum has been noted by Gates and 
Rees (1921) in Lactuca sativa. In this case a variety of transitional stages occur between 
tapetal cells and microspore mother cells, some of the former even showing the occasional 
occurrence of synizesis. The celis become bi- or even tetra-nucleate and at a later stage 
a tapetal plasmodium is formed. 

5 In Ulex europeus a transitory cell plate is formed after the heterotypic divison 
(Yamaha, 1926; Fig. 38). 
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Cytokinesis.—Here, as in Melilotus alba (Castetter, 1925), the spindle 
fibres are completely reabsorbed at the time of the homotypic mitosis. The 
quadripartition of the tetra-nucleate mother cell is preceded by the appear- 
ance of hyaline areas between the four nuclei. This is due to the general 
receding of cytoplasm from this region. Small vacuoles appear in this 
region and as they gradually increase in size by fusion with one another, 
furrows originate at the surface by the pinching-in of the peripheral 
cytoplasm between the nuclei, but it could not be determined whether the 
first furrow develops between the daughter nuclei after the heterotypic 
division or between those formed after homotypic division. In Cassia 
didymobotrya (Sethi, 1930) the first furrow is said to develop between the 
daughter nuclei formed after the heterotypic division. The outer wall of 
the mother cell projects into the groove as a wedge-shaped structure, and as 
the grooves advance the wedges keep pace with them. The inwardly grow- 
ing furrows meet the vacuoles and complete the cleavage of the cytoplasm. 
The wedges also meet in the centre separating the four microspores (Fig. 8). 
The vacuoles in this case are never so large as those figured by Castetter 
(1925) for Melilotus alba, but they are quite clearly seen inside the hyaline 
areas. The appearance of similar hyaline areas, though not vacuoles, was 
also observed by Reeves (1930) in Medicago sativa. 


The young microspores lie inside the wall of the mother cell, but with 
the gradual thickening of their exine and intine, the mother cell wall dis- 
appears setting the microspores free. The whole process of quadripartition 
takes place very quickly, and it is not always easy to find many such cases, 
which show the vacuoles in an advanced stage. Moreover, wall formation 
in the tetrads does not take place simultaneously even in all the locules of 
the same anther. It is often seen that while some of the tetrads show only 
the hyaline areas, others have already completed the division and formed 
the microspores. 


Pollen grains.—After the quadripartition of the mother cell, the uni- 
nucleate pollen grains separate from one another in contrast to the 
condition found in Albizzia (Maheshwari, 1931), Acacia (Newman, 1933), 
Dicrostachys cinerea’, Calliandra, Parkia (Engler and Prantl, 1926, p. 32) and 
some other genera where the grains are held together in the form of a 
pollinium. The young microspores have a very vacuolated cytoplasm and 
shrink easily during fixation, although at later stages they are not so 
readily affected by the killing fluids. The microspore nucleus moves from its 


® Some materia! of this plant was collected by my friend Mr. V. Puri from Bharatpur 
and I intend to investigate the development of its anthers at an early date,—B. Singh, 
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central position towards the wall and divides here to give rise to a larger 
tube nucleus and a smaller generative nucleus. The cytoplasm round the 
generative nucleus is separated from that of the vegetative nucleus by a 
narrow space so that the pollen grain is two-celled (Fig. 9). There are three 
furrows on the grain, inside each of which is found a rounded germpore, 
The exine is very thin at this point but the intine is thick, and when the 
pollen is in a turgid condition it protrudes out through the pores in the form 
of small projections. 


Megasporogenesis and Female Gametophyte. 


Ovary.—Six to ten ovules are borne on the ventral sutures of the ovary. 
They first appear as blunt processes consisting of a group of homogeneous 
cells. After having come close to the opposite wall of the ovarian cavity, 
they begin to curve upward towards the stylar end (Fig. 2). The same condi- 
tion is found in Albizzia (Maheshwari, 1931), Phaseolus (Weinstein, 1926), 
Arachis (Reed, 1924), Pisum sativum, Pachyrizus angulatus, Cajanus indicus, 
Dolichos lablab and Lathyrus sativus (Roy, 1933). In Medicago sativa (Reeves, 
1930), Melilotus alba (Cooper, 1933) and Melilotus officinalis (Coe .and 
Martin, 1920), on the contrary, all the ovules curve downward, but the 
uppermost might sometimes curve upwards. The primordia of the 
integuments appear at the time when the ovules begin to curve upward. The 
inner appears first and the outer follows a little later. The outer integu- 
ment, particularly on the side away from the placenta, grows faster than 
the inner and envelopes it. In Melilotus alba, Medicago officinalis (Coe and 
Martin, 1920), Medicago sativa (Reeves, 1930), Phaseolus vulgaris (Weins- 
tein, 1926) and Dolichos lablab (Roy, 1933) also, the inner integument 
appears first but shows a tardy growth so that the outer ultimately outgrows 
and envelopes it. In Pachyrhizus angulatus and Pisum sativum (Roy, 1933) 
the two integuments appear simultaneously but the inner is again slower in 
growth and becomes enveloped by the outer. In Cajanus indicus and 
Lathyrus sativus (Roy, 1933) the outer appears first and the inner appears a 
little later. In Acacia Baileyana (Newman, 1933), as mentioned before, the 
integuments are so poorly developed that the ovule is virtually naked. 


The mature ovule of Neptwnia oleracea is half-anatropous with the 
micropyle formed by the outer integument (Fig. 2). The inner integument 
is mostly composed of two layers of cells, while the outer is 7—12 layers 
thick and in later stages its cells are filled with light brown contents. 

The nucellus.—This is a massive structure. The epidermal cells of the 
nucellus at the micropylar end (but not those situated at the sides) divide 
repeatedly and push in the sporogenous tissue. This increase of the parietal 
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tissue is also due to the activity of the primary parietal cell, which is cut off 
at an early stage from the archesporium and will be mentioned presently. 
As the mother cell enlarges and forms the megaspore tetrad, the surround- 
ing nucellar cells are slowly absorbed, and for some time there is a balance 
which keeps the female gametophyte at a definite level inside the nucellus. 
With a further increase in the size of the embryo sac the disintegration of 
the nucellar cells proceeds rapidly, and the 8-nucleate embryo sac lies only 
three or four layers deep inside the nucellus. The growth of the embryo 
sac is not towards the upper side only; it increases in all directions and the 
older embryo sacs nearly reach the bottom of the nucellus. The nucellar 
cells lying below are characteristically elongated and have comparatively 
thicker walls than the surrounding cells. These elongated cells might serve 
for conduction of food material. 


Formation of megaspores.—Very early a hypodermal cell (occasionally 
two) becomes differentiated and forms the archesporial initial (Fig. 10). In 
Pachyrizus angulatus, Cajanus indicus, Dolichos lablab and perhaps also in 
Pisum sativum Roy (1933) has reported that the archesporial cell is situated 
in the third layer of the nucellar tissue. It is likely that in these cases also 
it is really hypodermal, but becomes clearly distinguishable only at a later 
stage when a few wall layers have been formed. A similar condition has 
been reported by Maheshwari (1934) in the Indian Mango. In Medicago 
sativa (Martin, 1914)? a wall cell is usually formed but occasionally it is 
absent and the megaspore mother cell may be situated directly below the 
epidermis. In Lathyrus odoratus (Jénsson, 1879)’, Orobus angustifolius 
(Guignard, 1881)’, Pachyrhizus angulatus, Cajanus indicus, Dolichos lablab 
and Pisum sativum (Roy, 1933) the archesporial cell directly functions as the 
megaspore mother cell without cutting off any parietal cell.§ In Neptunia 
oleracea, as in Albizzia (Maheshwari, 1931), Acacia (Newman, 1933), and 
most other plants of the family, the parietal cell divides both periclinally 
and anticlinally. Generally, in Neptunia two to three wall layers, and in 
extreme cases four to five wall layers, are formed before the mother cell is 
able to divide, which, therefore, becomes sunken in the nucellar tissue 
(Figs. 11 and 12). When there are two archesporial cells, they give rise to 
two mother cells lying side by side. In one case, one of the two mother 
cells was found to lie at the normal place, while the other was situated at a 
much lower level (Fig. 13). 


7 Quoted in Dahlgren (1927, p. 366). 


8 All these reports are doubtful. The last author was able to distinguish the arches- 
porial cells only in the third layer of the nucellus, 
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The megaspore mother cell increases very much in size and gives rise 
to a linear row of four megaspores. The chalazal megaspore always 
functions while the other three degenerate (Fig. 14). 


Embryo sac.—The functioning megaspore increases in size and 
develops two characteristic vacuoles, one on each side of the nucleus, 
After the first division the two daughter nuclei, which at first lie in the 
centre (Fig. 15), travel to the two poles and a large vacuole appears 
between them. These nuclei further divide to produce four (Fig. 16) 
which divide once again to form a normal eight-nucleate embryo sac 
(Fig. 17). The synergids are hooked and have a filiform apparatus at 
the apical end, and a large vacuole at the basal end (Fig. 17). The nucleus 
is situated just above the vacuole. The egg protrudes below the synergids 
in the normal way. There are three antipodal cells but these and the 
synergids degenerate very early (Figs. 17 and 18). The polar nuclei, which 
lie just below the egg, do not seem to fuse till the time of fertilisation, 
for although no case of actual fertilisation was observed, the fusion nucleus 
was found only in those ovules which had the remains of a pollen tube 
in them. 


Starch grains are often seen in embryo sacs after fertilisation, but 
they could not be detected in earlier stages. Maheshwari (1931) observed 
the same in Albizzia, and Reed (1924) in Arachis, but in the latter case 
starch was present as early as the two-nucleate stage. 


The pollen tubes travel along the ventral suture of the ovary and 
as they reach near the ovule they bend toward the micropyles and enter 
inside. The cells of the nucellus are dissolved by the in-growiug tube 
which enters into the embryo sac on one side of the egg, its tip being 
swollen and more darkly stained than the upper part. 


Abnormal ovules.—An interesting case was found of an ovule with an 
extraordinarily long stalk, which remained orthotropous (Figs. 3 and 4), 
The megasporangium itself was slightly smaller but the embryo sac was 
perfectly mature. This was the uppermost ovule in the ovary and 
probably there being left enough space for its development there was no 
need for it to curve in the normal way. Similar ovules have also been 
seen by Thompson (1929) in the partially open legumes of Cassia fistula 
whose margins remain free at the base and apex of the ovary and the, 
ovules are therefore exposed. 


Another case was found in which the nucellus of an ovule had divided 


into two with one embryo sac in each half and both surrounded by 
common inner and outer integuments (Fig. 5). The vascular bundle also 
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forked into two in this case. One further case was found of an embryo 
sac which had four well-organised antipodal cells instead of the usual 
three (Fig. 19). 

A general discussion of the results will be taken up in a subsequent 
paper which will deal with some other plants of the Mimosacee. 


Summary. 

1. The inflorescence is divisible into three regions, the lower of 
completely sterile flowers, the upper of fertile and bisexual flowers and 
a small middle region with flowers showing an intermediate structure. 

2. The archesporial cells in the anther are rather late in differentiation. 
The parietal tissue is composed of an endothecium, two middle layers and 
a uni nucleate tapetum. 

3. The divisions of the microspore mother cells are simultaneous. 
Cytokinesis occurs by vacuolation and furrowing. 

4. The pollen grains are shed at the bi-celled stage. 


5. In the young ovule there is usually a _ single hypodermal 
archesporial cell, but occasionally two may appear. 

6. The primary parietal cell and also the epidermal cells undergo 
divisions, so that the mother cell comes to lie 3 to 5 layers deep in the 
tissue of the nucellus. 

7. A linear tetrad of four megaspores is produced, of which the 
chalazal functions. 

8. The mature embryo sac is of the usual 8-nucleate type. The 
synergids and antipodals are ephemeral. The fusion of the polar nuclei 
seems to be delayed till the time of fertilisation. 

In conclusion, we wish to express our gratitude to Dr. P. Maheshwari 
under whose directions this investigation was carried out and to whom 
we are greatly indebted for criticism and kind advice. We are also 
thankful to Messrs. Babu I,al Gupta and B. M. Johri for the help 
rendered by them. 

Postscript. 

After this paper had already gone to the press two other papers on 
Acacia Baileyana have just been published by Newman (1934, a and 8). 

It is reported that in the anther there are eight separate unicellular 
archesporia, each of which gives rise to four mother cells. The microspores 
are held together in the form of a pollinium. The thickened exine, which 
is sculptured with reticulate grooves, is deposited only towards the outside 
of the pollinium. The pollen grains are binucleate at the time of shedding. 
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The development of the megaspores is quite normal, but either the proximal 
or the distal may function. The megaspore is smaller in size than the 
microspore. The embryo sac is of the normal eight-nucleate type. The 
synergids are hooked and possess a filiform apparatus. The antipodals are 
persistent and degenerate only after the formation of the primary endosperm 
nucleus. The integuments are very tardy in their growth and it is only 
after fertilisation that they develop beyond their primordia. There isa 
single vascular bundle in the outer integument. A cusion-like aril is deve- 
loped on the funiculus. Starch appears in the early stages of germination 


of the megaspore. 
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EXPLANATION OF FIGURES. 
Fics. 6-19. are all magnified. x 720. 
Fic. 6.—L. S. through part of an anther showing a row of microspore mother cells, the 
uni-nucleate tapetum, two middle layers, endothecium and the epidermis. 
Fic. 7.—Microspore nuclei showing vacuoles appearing in the hyaline areas, and the 
origin of furrows at the periphery. 

Fic. 8.—Microspore tetrad still enclosed inside the mother cell wall. 

Fic. 9.—Cross-section of mature pollen grain with three germ pores. 

Fic. 10.—Nucellus with a hypodermal archesporial cell. 


Fic. 


11.—Nucellus showing young megaspore mother cell separated from the epidermis 
by two wall cells. 
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12.—Ovule showing the primordia of the integuments and a megaspore mother cell 
in the prophase of the first reduction division. 


13.—Same, with two megaspore mother cells in synizesis. 

14.—Older ovule with a linear tetrad of megaspores. 

15.—Young two-nucleate embryo sac. 

16.—Four-nucleate embryo sac. 

17.—Mature embryo sac with hooked synergids having a filiform apparatus at the 
top, three degenerating antipodals (reconstructed from two sections), 


18.—Mature embryo sac showing early degeneration of synergids (reconstructed 
from two sections), 


19.—Lower part of an embryo sac showing four antipodal cells. 
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1. Introduction. 


THE discovery of X-rays by Réntgen in 1895, and the subsequent revelations 
as to the nature of these rays aroused general interest among the scientists 
to investigate how far life-phenomenon could be explained in relation to 
X-radiation and how far these rays could be made use of in the economy 
of both plant and animal life. Lopriore§ detected an acceleration in the 
circulatory rate of Vallisneria spiralis as a distinct result of this treatment, 
while it has been fully established by the medical side that small doses of 
this radiation may accelerate cell division of tumours in animals. 


Work of uncommon interest in this field has been the outcome of the 
researches of Ancel,! Goodspeed‘ and Stadler'! on the genetic effects of 
X-rays using softer radiations. Very recently Moor and Haskins® applied 
high voltage X-rays with the object of studying physiological variations 
in crop plants and fixing up the lethal dose. Johnson® irradiated seeds of 
Helianthus annus to medium doses of X-rays only and found an inhibiting 
effect. The time of exposure being either relatively long in all such cases, 
or recourse being taken usually to hard doses, the irradiated material 
resulted in organismal deformities and dwarfed growth. 


Due to the experience in the work on the effect of minute doses of 
ultra-violet rays, electricity, and rays of different refrangibility, which has 
been going on for some time at this Experimental Station, it has been 
thought advisable to collect data on the physiology of growth, reproduction, 
and yield, following seed exposure to minute doses of X-radiation. The 
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morphological, physiological and chemical variations arising out of this 
treatment have been specially observed with a view to ascertain how 
far the results could be of agricultural interest in giving better return 
qualitatively and -quantitatively and in systematically invoking new vital 
characters for the fixation of more suitable types. 

Dry ungerminated seeds of Nicotiana tabacum are subjected to minute 
doses of X-radiation and the after-effects of this treatment measured 
in terms of increase in dry material formation in the entire plant body 
and the various parts, increase in length of the plant, and variation 
in assimilating leaf-surface. Observations are also made as to the period of 
vegetative and reproductive growth and the ultimate yield. Further, 
in order to determine whether the response in variability arising out of 
this stimulus is merely a transitory one or otherwise, such observations are 
continued at successive stages throughout the life-cycle of the crop. Our 
outlook being mainly confined to a critical investigation of the variation 
following X-rays exposure to dry seeds despatchable from one place to 
another for purposes of sowing on a large scale, we have not considered 
it profitable to try the effect of such rays on scaked seeds. Estimations are 
also made of the carbohydrates and nitrogen contents at successive stages 
throughout the life-cycle of the plants with a view to throw light on 
the nature of the internal response to these rays. 


2. Technique and Experimental Material. 


Source of radiation— The Shearer’s tube (Fig. 5) with a copper target 
is used to produce X-rays. The required voltage is supplied from a high 
tension transformer. The tube is operated at 37-5 kilovolts with a feeble 
tube current of four milliamperes. At this voltage the K lines of copper are 
excited. No filter is used except an aluminium foil of thickness 0-025 mm. 
to cover the window of the tube through which the X-rays emerge. 


As the tube has considerable rectifying properties at the vacuum at 
which it is run, it is worked without recourse to external rectifiers. The 
cathode end of the tube is connected to the negative terminal of the high 
tension supply. The target end of the tube and the corresponding end of 
the high tension circuit are separately connected to earth. The current 
passing through the tube is measured by a milliammeter kept in series with 
the transformer circuit on the earthed side. For producing the required 
vacuum in the tube, use is made of Gaedes all-metal mercury diffusion 
pump with a Cenco oil pump to back it. The necessary arrangements for 
controlling the vacuum during the course of exposure whenever it gets hard 
or soft are also made. Continuous water cooling both for the pump as well 
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as the target is provided by arranging the tubes in parallel circuits and 
taking the main supply from the common tap. 

Treatment of seeds.—Pure strain seeds of Nicotiana tabacum of as uniform 
size and weight as possible are selected for the purpose of experimentation. 
In order to supply as far as possible homogeneous radiation, the seeds are 
held in a small enclosure of half inch diameter made through a lead plate, 
protected on both sides by pasting paper pieces. This plate does not allow 
the rays to pass except through the hole made for the purpose. The plate 
is fixed at a distance of 20 cms. (Fig. 5) from the window of the Shearer’s 
tube. The tube is worked and the seeds are exposed to these rays of wave- 
length ranging from Ka 1-5 to Kf 1-2 for one minute only. 

The time taken in the despatch of seeds all over India does not usually 
exceed ten days and hence from the practical point of view they are treated 
in two sets at a maximum interval of ten days and then sown separately 
at the same time and date with a view to test their capacity to retain the 
charge. The seeds to which an earlier exposure is given are stored in an 
insulated lead basin and subsequently sown. 


Pot culture.—Big glazed earthenware pots containing an uniform mixture 
of soil and manure with an efficient system for the drainage of water are 
utilised for the purpose and about a dozen seeds are sown per pot. Unexposed 
seeds are sown, side by side, to act as control and allowed to germinate and 
grow under identical environmental conditions as the irradiated ones. 
Care is taken to keep all the conditioning factors, except the one under 
consideration, above their limiting value. Watering and hoeing are carried 
out at regular intervals. 


Growth measurements.—The plants growing in large numbers per pot are 
thinned a month after germination so that only one plant per pot is allowed 
to grow to maturity. To make allowance for the biometrical treatment of 
results, a large number of pots are removed from each of the sets every 
week to a tank and kept overnight to soften the soil particles. The 
following morning the soil is washed out from the roots bya stream of 
running water. A camel hair brush is used to remove small particles of 
soil, care being taken to avoid the breakage of rootlets. Excess of water is 
removed by placing the plants in between folds of blotting paper. Fresh 
weight of the component parts and leaf area are recorded. For the determina- 
tion of dry matter formed the plant material is dried ina steam oven, regu- 
lated at 100°C, to a constant weight, and the final weight recorded. The data 
so obtained are statistically analysed. Standard deviation, probable error 
of means, and the probable error of the difference of means of treated and 


control plants are computed to ascertain the effect of irradiation. 
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Chemical analysis.—The plant material for ‘chemical analysis is 
prepared after Tink and Tottingham.? The dry material thus obtained 
from an average number of plants belonging to a particular group is 
ground to a fine state, thoroughly mixed, and aliquot samples used 
for the determination of acid soluble carbohydrates and total nitrogen 
(organic and inorganic). In every case duplicate estimations are made 
and where discrepancies between such results are outside the limits of 
experimental error, a fresh pair of estimations followed. The estimation of 


total carbohydrates (acid soluble) is made by Pavy’s method. Total. 


nitrogen is estimated by the modified Kjeldahl’s method to include both 
the organic and inorganic nitrogen. 


3. Experimental. 


Morphological variabilities.—As the seeds of Nicotiana tabacum take. 


about a month for germination, and as the seedlings show scant vigour 
during early stages of development, observations are taken only after the 
plants are a month in age after germination. Soon after the elapse of this 
period changes in the general vigour, height, area of the leaves, thickness 
of the stem, development of the roots, and undulations in the leaf margin 
become evident. The plants belonging to the experimental sets (A—the 
seeds of which are treated and sown immediately, and B—those treated 
ten days before but sown side by side at the same time along with the 
control), begin to show contrasting results when compared with the control 
plants and in each case the treated plants demonstrate increased height, 
increased leaf area, and increased dry weight production over those of the 
controls at successive stages throughout the life-cycle of the crops. The 
primary and secondary roots in the treated plants develop to a greater 
extent and the fibres ramify in all directions and extend over a greater 
area to absorb nutrients for supplying the actively growing treated plants 
(Fig. 6). 

On taking stock of the foliage leaves borne by both the experimental 
as well as the control plants, it is noticed that the percentage number 
of the leaves in each case remains practically constant and the increase in 
height of the plant is mainly due to the elongation of the internodes, while 
the increase in the leaf area per plant is due to an increase in the 
interveinal leaf surface (Fig. 7). A greater variation takes place in 
other directions in the nature of the foliage leaves as a result to treatment, 
viz., their position alters possibly due to internodal differentiation as also 
their size and shape which becomes ultra-normal. The phyllotaxy is also 
partially deranged at about half way on the main stem where the 
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superposed leaves change their position. The leaves belonging to the 
control plants show a frilling of the edge and puckering of the surface 
due to irregularities in the growth of the lamina between the veins. 
The lamina of the leaves of the treated plants becomes more oval and 
partially flat in form, brighter in general appearance and greenish in 
colour as compared to check plants, indicating a better vegetative growth, 
a better development of chlorophyll and an even distribution of it. 
The apices too vary in form changing from the acuminate type in the 
control to an acute one in the treated, indicating a better development 
of the interveinal regions even at the extreme apex of the leaves. The 
base of the leaves also broadens and the lamina of the sessile leaves start 
with a greater diameter much near the mother axis than in the control. 
The control sessile leaves for the same reason appear to be petiolate. 
The leaves, on the whole, seem to change from a lanceolate type to an 
ovate one. The conduit pipes belonging to the treated leaves slightly vary 
in number and enlarge in their dimensions, probably due to a better 
development of xylem bundles in order to supply the fluid raw materials 
to a greater surface (Fig. 8). 


With further advance in age it is noticed that the initiation of the 
reproductive organs is hastened in the case of treated plants which also 
bear larger cluster of flowers, bigger in size and more conspicuous in form 
(Fig. 9). 


As for the seeds, they appear to be a bit shaded, brighter and bigger 
than those obtained from the control plants or taken from the original 
stock. The quality of the seed is further tested by determining their 
absolute weight, volume weight and relative density. The absolute weight 
of 100 seeds used for sowing changes from 0-004 gms. to 0-005 gms. and 
0-0035 gms. respectively in the treated and the control. The volume weight 
changes from 0-425 gms. to 0-438 gms. and 0-367 gms. respectively per c.c. 
in the two. 


The relative density of seeds used for sowing is found to be 1-073 (with 
respect to kerosene oil) which changes to 1-154 and 0-742 in the treated and 
control sets respectively. The specific gravity of seeds chiefly depends on 
the composition of the seed and the presence or absence of air spaces in 
between the testa and the cotyledons. Probably the seeds obtained from 
the treated set contain more nutrients and less air spaces than either of the 
controls (those used for sowing or those obtained from these as yield). A 
diminution in the relative density of the seeds obtained as yield from control 
plants may possibly be due to pot culture. 
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These measures are supposed to be an accurate guide to the relative 
difference in the average size of the seeds in each, as also constitute an easy 
and reliable measure for comparing the values of samples. The larger seeds 
may be associated with greater nourishment than the smaller ones. 


V. H. Blackman? stresses the necessity of large seeds and high efficiency 
index to the production of highest vegetable matter in plants and further 
that the two essentials can be achieved through breeding. The data of the 
present enquiry go to show that similar results could as well be achieved 
by exposing the seeds to minute doses of X-radiation prior to sowing. 


An increment in the absolute weight as also in the relative density of 
seeds obtained from the treated sets further points that the relatively great 
bulk of these seeds is due to well-nourished bigger embryo rather than to 
the presence of air spaces. Since the growth in plants follows the compound 
interest law, even the minute differences in the embryo size are apt to 
produce relatively big differences in the ultimate output. It is, therefore, 
expected that due to an initial advantage in the embryo size, the yield 
following the use of the treated seeds would be greater than that obtained 
from the control ones. Many of the above noted offspring variabilities 
produced by X-radiation may therefore be of utmost importance to the 
plant breeder in systematically invoking new vital characters and evolving 
more suitable types. 


Dry weight production in plants.—Having pointed out the morphological 
variabilities arising out of radiosensitivity of the treated plants, we now 
proceed to investigate the nature of the physiological changes which may 
affect the morphological character as also the dry matter formation at 
successive stages throughout the life-cycle of the crop in question and the 
ultimate output. 

The time-weight curves for the treated and the control sets both for 
the entire plant as also for the organs constituting it, are reproduced in 
Fig. 1. It will be noticed that irrespective of the treatmant, the time- 
weight curve for the entire plant conforms to the well-known S-shaped type, 
a detailed discussion of which has already been made by one of us else- 
where. 


_ Irradiation, however, seems only to raise the time-weight curve more 
towards the ordinate, bringing the S-shaped nature into greater prominence. 
This is due to the rapid production of the dry material, which is highest in 
group A, sown immediately after treatment, while group B, treated ten 
days before sowing, stands next in this respect. It would seem, therefore, 
that irradiation of the order followed during the present work introduces an 
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acceleration in the amount of dry matter production which is one of degree 
rather than of kind. 

The S-shaped nature of the time-weight curves for the different organs 
(Fig. 1, A, B, C, and E) further goes to show the similarity in the gradient 
of dry matter production in the organs as well as the entire plant, and conse- 
quently, the proportionality which the organs bear to the entire plant. Of 
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Showing dry weight production of entire plant and the component organs at suc- 
cessive stages throughout the life-cycle of Nicotiana tabacum as a result to X-radiation. 
interest in this connection is the close similarity between the time-weight 
curve of the leaves in each of the groups to that of the entire plant which is 
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suggestive of the fact that leaf is a preponderating determinant in the 
production of dry materials for the entire plant (Fig. 1, E and D). It is for 
this reason that we have henceforward made a special analysis of the 
contributions made by the leaves. 


Treatment with minute doses of X-rays appears to cut short the 
vegetative cycle of plants and initiate the reproductive phase earlier. 
Blossoming in the control begins on the 94th day and continues till another 
two weeks, whereas in the treated ones (set A), the first flower bud appears 
on the 89th day and others till the plants are 100 days old. The period of 
flowering in the other plants, viz., those belonging to set B commences 
on the 90th day and continues for 12 days. The bursting of the flower buds 
and the formation and development of seeds take place earlier or later in 
proportion to their appearance. 


Remarkable variation may also be noticed in the total dry weight 
production and the final yield. The control produces 26-92 + 0-206 gms, 
of dry material per plant against 41-2 + 0-239 gms. of the treated set A. 
Set B produces 35-57 + 0-242 gms. of the dry material per plant (Tables 
I and II and Fig. 2). 


TABLE I. 
Stan- Diff.+ |. 
tion conteot error 
Mean height in cms. 50-5 + 0-491 | 3-641 nil nil nil 

S Final dry weight in gms.| 26-92 + 0-206 | 1-529 

Mean leaf yield in gms. | 6-45 + 0-110 | 0-818 

. Mean grain yield in gms.| 0-665 + 0-012 | 0-087 
{| Mean height in cms. 65-0 + 0-450 | 3-336 | 14-5 + 0-666 | 21-77 | 1-287 
a. | Final dry weight in gms.| 41-2 + 0-239 | 1-774 | 14-28 + 90-315 | 45-33 | 1-530 
3 y Mean leaf yield in gms. | 11-25 + 0-138 | 1-140 4-80 +0-176 | 27-27 | 1-742 
a Mean grain yield in gms.| 1-83 + 0-020 | 0-149 1-165 + 0-023 | 50-65 | 2-751 

< || Mean height in cms, 61-2 + 0-495 | 3-669 | 10-7 + 0-697 | 15-35 | 1-211 
pO Z Final dry weight in gms.} 35-57 + 0-242 | 1-790 8-65 + 0-318 | 27-20 | 1-321 
35 Mean leaf yield in gms. | 11-16 + 0-143 | 1-060 | 4-71 + 0-180 | 26-16 | 1-728 
|| Mean grain yield in gms.| 1-60 + 0-009 | 0-072 | 0-935 + 0-015 | 62-33 | 2-406 
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TABLE II, 
Showing comparative effects between the control and irradiated plants. 


| Irradiated 
Particulars Control 
| Set A | Set B 
1. Age at the time of blossoming in days | 94 89 90 
2. Percentage enhancement in ~~ appear- 
ance of flower buds 5°3 4-2 
3. Age atthe end of blossoming in days | 108 100 102 
4, Percentage enhancement in 
of blossoming . 5-4 
5. Percentage period of flowering 100 73-3 80 
6. Percentage decrease in the — of 
flowering 27-7 20 
7. Highest dry 
plant in gms. ‘ 26-92 + 0-206 | 41-2 + 0-239 | 35-57+0-242 
8. Percentage increase in dry weight 
production “4 <4 53 32 
9. Final leaf yield per plant in gms. | 6-45 + 0-110 | 11-25+0-138 | 11-16+0-143 
10. Percentage increase in leaf yield 74-40 73 
11. Final grain yield per plantin gms. .. |0-665 + 0-012 | 1-834+0-020 | 1-60+0-009 
12. Percentage increase in grain yield F 175 +2 140-6 
13. Final height per plant in cms. 50-5 + 0-491 | 65-0 + 0-450 | 61-2 + 0-495 
14. Percentage difference inthe height .. 28-7 21-2 
The leaf and the grain yield are also considerably increased after 
irradiation. The control produces a leaf yield of 6-45 + 0-110 and a grain 


yield of 0-665 + 0-012 gms. per plant against 11-25 + 0-138 gms. leaf yield 
and 1-83 + 0-020 gms. grain yield in set A’and 11-16 + 0-143 gms. leaf 
yield and 1-60 + 0-009 gms. grain yield per plant in set B. In all of the 
above cases the difference between the treated and the control is found to 
be much more than four times the probable error of the difference of means 
and hence the results can safely be considered significant. It is thus clear 
that minute doses of X-radiation increase both the dry weight production 
and the final yield. The manifestation of a single significantly different 
phenotype constituting the whole F, population in the treated sets points to 
the possibility of the production of high yielding fixed types resulting from 
such treatments. 
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Showing comparative effects of X-radiation as percentages on Nicotiana tabacum, 
1—Enhancement in the appearance of flower buds; 2—Acceleration in the finish of 
blossoming; 3—Decrease in the period of blossoming; 4—Increase in final height; 
5—Increase in the final dry weight yield; 6—Increase in leaf weight (yield) ; 
7—Increase in grain yield. 


Fie. 2. 


The inheritance of efficiency index has been well emphasised by Ashby.” 
If this were to hold true, X-rays may advantageously be used in crop 
improvement, since efficiency index has been remarked by Blackman? to be 
one of the controlling factors in the growth of plants. 


The greater or lesser production of dry material in the treated 
and untreated sets respectively, must therefore be traced in the dynamics 
of growth which, for one reason or another, seems to gain acceleration 
as a result of irradiation. On plotting the relative growth rate values, 
calculated from the data of dry weight production at successive stages as 
percentages for the treated and the control sets, we note that leaving 
aside the intensity of rise and fall and the variation in time in the rates of 
growth, the nature of treated and untreated curves remain more or less the 
same (Fig.3(C). The relative growth-rate curve for the control set starts 
with a higher value, as high as 84-174, but declines gradually till the 87th 
day when it shoots up again constituting the maximal hump, the importance 
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Showing the influence of X-radiation upon the relative growth rates of entire plant 
body and the component parts at successive stages throughout the life-cycle of Nicotiana 


tabacum. 

of which has already been emphasised by one of us elsewhere.!° In contrast 
to this the treated sets A and B start with lower values of growth rate (24-55 
and 43-532), approximately one-fourth and one-half respectively the rate 
on the same day for the control set, and after the formation of a pair of 
primary humps in each case, the rate in both follows a down-hill course 
before the attainment of a secondary maximal hump. The secondary hump 
in the treated sets A and B as also for that of the control show a gradation 
in due succession and are directly proportional to the final yield of 
either the leaves or the seeds. The retardation in the growth rates of the 
treated sets during the juvenile stage appears to be the result of the 
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injurious effect of irradiation, but all the same, it seems that this after-effect 
soon passes away with time. This is made more evident from the relatively 
high values of the treated set B where a delay of ten days in sowing induces 
a partial recovery from injury. Thus, the harmful influence of the lethal 
doses of irradiation noted by Moor and Haskins® is explained in the present 
work. It appears that the influence of both the harder doses as also the 
softer ones, administered for a longer time, results in retarding the rate of 
growth, but if on the other hand, the dose be of a softer type and 
the period of irradiation brief, recovery from injury is made possible. In 
systematically provoking new vital characters for evolving more suitable 
types, therefore, it is of utmost importance that due attention be given 
to the dose, the time of irradiation, and the relative radiosensitivity of the 
species. 

On reviewing the relative growth rate curves (Fig. 3, A, B, D and E) of 
the different organs it may be discovered that but for small variation in their 
rate at various stages in the life-cycle, interpretation of which will be 
subsequently made, there is a general fall in the curves. It is remarkable 
to note that both in the treated and untreated sets, the curves for the 
relative growth rate of the leaves follow very closely that for the entire plant 
to such an extent that except for the intensity in the rates, the growth rate 
curves for the leaf may be mistaken for that of the entire plant (Fig. 3, 
D and C). Such aclose relationship between the growth rate of the leaves and 
that of the entire plant points to an intimate connection of the great 
synthetic factory with its chlorophyll apparatus with the latter. This 
fact becomes evident on comparing the net assimilation rates of the leaves 
per plant at successive stages throughout the life-cycle. It is remarkable to 
note that the net assimilation rate bears a close proximity to the values 
of the relative growth rates of the entire plant on the one hand and those of 
the leaves on the other, the importance of which has already been 
emphasised as the chief controlling factor in the total growth of plants 
(Fig. 4, B and Fig. 3, C and D). 

Like the control, relative growth rates of the treated sets A and B also 
show a marked resemblance with their respective net assimilation rates but 
for the higher average and to the presence of unusually high maximal 
humps shown by the latter on the 66th and 73rd days respectively. 
The net assimilation rate curves of the treated as also of the control set 
are characterised by two maximal peaks in each one during the vegetative 
phase and the other in the reproductive one, each significant of maximum 
growth activity for the particular phase. Here again the dry weight 
production and the ultimate output seem to be correlated with the respective 


& 
| 
| 


Seed-E-xposure to X-Radiation in Nicotiana tabacum 447 


A 
14 A 
= 
12 = 0-3 } 
~ be 0 2 T 
6 1 1/7 | 1 
4 0-1/4 4 
ad Cc Conte) 
18 Irradiated set A ------ 
\ Irradiated set B 
2 16 
> D 
‘ 3 
2 | 
10 > 
> o 
& 4 
\ ‘4 
2 A 
31 45 59 73 87 101 115 129 31 45 59 73 87 101115129 
Age in days after germination. 
Fig. 4. 


Showing the effect of X-radiation upon net assimilation rate, percentages of carbo- 
hydrates and nitrogen, and the C/N ratio at successive stages during the life-cycle of 
Nicotiana tabacum. 
height of the peaks—the higher the altitude, the greater the amplitude of 
growth and higher the yield. As a logical conclusion of the above findings 
one may infer that the influence of irradiation in the increased growth of 
the treated sets lies in increased net assimilation rate. This rate is liable 
to be inherited by the offspring like the other interrelated processes, ¢.g., 
respiration as pointed by Ashby,” leading to a superior progeny. 


The gradient of growth rate curves of the organs in the different sets 
need not necessarily follow that of the net assimilation rate even when that 
process is progressing rapidly, but the result of the increased assimilation 
may become evident at a subsequent stage in one or more of the organs, as 
the case may be, which may be relatively active at that period of the life- 
cycle; so that it should not follow that a diminution in the growth 
tate of one organ need indicate a decrease in the corresponding rate of 
assimilation, 
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The carbohydrate-nitrogen flux.—-Of the various nutritive factors it is the 
proportion of carbohydrates to nitrogen which is shown by one of us!@ 
to be the prime factor underlying growth and hence is taken to be a reliable 
measure of the life-processes. During the present series of investigations, 
the ratio of the acid-soluble carbohydrates to total nitrogen (organic and 
inorganic) has been determined at successive stages throughout the life- 
cycle of the plants. 

The carbohydrate curve shows an inverse proportionality to the relative 
growth rate curve (Fig. 4,C). A fall in the vegetative phase followed by 
a pre-flowering maxima is an outstanding feature of the carbohydrate curve. 
The treated plants, though exhibiting a similar behaviour, are characterised 
by increased carbohydrate content. 


The nitrogen values, on the other hand, show a general drop with the 
exception of a post-flowering rise, and the treated plants show a relatively 
low proportion of it than the control (Fig. 4, D). 


The variation in the carbohydrate-nitrogen flux in the two experimental 
sets may, therefore, be attributed to the treatment supplied, which alters 
the normal course of the organism. ‘This further givesa basis for the 
establishment of the view that the nature of the food product is greatly 
responsible for the variations induced by this treatment. 


The C|N ratio and growth—The C/N ratio curves obtained for the treated 
and control plants exhibit a characteristic fall in the vegetative phase 
(Fig. 4 A). This is followed by a continuous rising curve till the flowering 
period after which a precipitous fall is noted. Hicks5 has also obtained 
more or less similar curves for wheat plants with but a slight difference 
during the early stages when no decline phase has been marked. ‘This fall 
may be attributed in the present case to the difference in the fundamental 
nature of the wheat and tobacco crops. In wheat, whatever carbohydrates 
are formed remain as such while a considerable portion in the case of 
tobacco is converted to oils and fats causing a decline in the carbohydrate 
content and hence in the ratio. During this phase, however, the net 
assimilation rate (Fig. 4, B) has been shown to be most active specially in 
the treated plants but the accumulation of carbohydrates only takes place 
at the subsequent pre-flowering stage and the greater hump height shown 


by the treated plants corresponds to the greater height of the net 
assimilation peak of the same. 


A comparative study of this ratio for the treated and control plants 
indicates that increased growth is invariably associated with increased C/N 
tatio. The effect of X-radiation, therefore, seems to shorten the vegetative 
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activities of the plants by increasing the rate and amount of photosynthesis, 
promoting carbohydrate accumulation and thus maintaining a high C/N 
ratio which may also be partially attributed to a diminution in the nitrogen 
content. So that a generalisation can be made that increased growth is 
necessarily associated with the composition of the crop where the nitrogen 
content is adversely affected. Attention in this connection may be drawn 
tothe purely mathematical deduction of Willcox!? who finds a definite 
ratio between the amount of nitrogen absorbed by a crop and its total 
amount. And out of the two variables the one having a lower proportion 
of nitrogen for unit dry weight will yield more than the other. What has 
been derived mathematically is confirmed experimentally during the present 
series of investigations. 

Experiments on stimulation have been carried out for a long time but 
the actual mechanism of its working has remained so far little understood. 
The results obtained during the present investigation point out that a 
stimulation of this type changes the nature of the organism by affecting the 
metabolic activity and hence the output of carbohydrate stock, and by 
diminishing the nitrogen absorption, thus making, possibilities for a sub- 
ultra type to reach a per-ultra one. 

It seems, therefore, that the production of new varieties suitable for 
producing vigorous and healthy crops, either through breeding or by the 
application of bio-physical methods will be a matter of pure empiricism, until 
the underlying physiological principles are thoroughly understood. This 
emphasises the importance of the study of Plant Physiology to the scientific 
investigator as the deciding factor in most of the agricultural problems. 


4. Summary and Conclusions. 


In the present series of investigations are studied the influence of 
minute doses of X-radiation on certain aspects of the morphology, physiology 
and chemistry of growth following seed exposure in terms of variations intro- 
duced in the morphological characteristics, the rate and amount of dry matter 
production, the assimilating leaf-surface, the net assimilation rate, the carbo- 
hydrate nitrogen contents, and the ultimate output in Nvécotiana 
tabacum grown on a large scale in pots under optimal conditions. 
As source of radiation the Shearer's tube with a copper target 
operated at 37-5 kilovolts and four milliamperes is used. Only one 
minute exposure is given to two sets of seeds with a maximum 
interval of ten days in sowing in order to study whether the after- 
effects of irradiation on subsequent germination, growth and yield of crops 
in the two cases remain similar throughout and to thus test the possibility 
of despatching seeds -to distant places with advantage from a common 
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irradiating centre. The significance of the results is statistically tested by 
computing the probable error of the difference of means in the irradiated 
and control sets. 

The following conclusions are the outcome of the present enquiry :— 

Induced variations as a result to treatment are noticed in the irradiated 
plants. The height greatly elongates, the root system ramifies to a greater 
extent, the size, shape and colour of the leaves are markedly affected, xylem 
bundles greatly develop, and flowers become bigger in size and more con- 
spicuous in form. 

Increase in relative density, absolute weight and volume weight of the 
offspring seeds as a result to treatment with softer doses suggest that such 
rays can be applied with advantage for purposes of producing vigorous and 
healthy crops. 

The attainment of a steep sigmoid nature by the time-weight curves as 
also the relative increase in the hump height of growth rate curves induced 
by X-radiation further point to the beneficial effect of these rays in increas- 
ing the output. 

The seeds sown ten days after the treatment retain the after-effect of 
X-radiation in exhibiting more or less similar induced characteristics to those 
sown immediately after irradiation, except that there is a difference in degree. 
The seeds thus, if properly stored, may with advantage be distributed 
to distant places after treatment from a common irradiating centre. 

Increase in root surface, net assimilation rate, and C/N ratio as a result 
to X-radiation are suggestive of the fact that a stimulation of this type 
changes the nature of the organism by accelerating its general metabolic 
activity resulting in a change in the material substratum. 

The offspring variabilities produced by X-radiation are shown to be of 
great importance to the plant breeder in evolving systematically more 
suitable types and to the cultivator for obtaining a better return. 

In the end our thanks are due to Dr. C. M. Sogani and Mr. N. lL. Singh 
of the University Department of Physics for their very kind co-operation in 
adapting the X-ray set to our special requirements. 
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EXPLANATION OF PLATES. 


Showing X-Ray outfit: Cenco oil pump (C), Gaedes diffusion pump (G), 
Cooling arrangement (K), Lead plate holding the seeds for treatment (L), 
Milliammeter (M), Shearer’s tube (S), Transformer (T), Window of the 
tube (W). 

Showing the root system of the control and irradiated plants (photo- 
graphed for purposes of inter-comparison in a dry state). The roots at 
three different stages in the life-cycle—juvenile, adolescent, and penultimate- 
senescent, are arranged in vertical order (No. 1 control), (No. 2 irradiated). 

Showing control (No. I) and treated (No. 2) fully grown plants photographed 
before harvesting. 

Control (No. 1) and irradiated (No. 2) leaves shown with the portion of the 
mother axis, photographed at harvesting time. The leaves shown are 
from the middle of the axis or the seventh one from either the top or the 
bottom of the axis. 


Compares inflorescence from the control (No. 1) and X-ray treated sets 
(No. 2). 


CONTRIBUTIONS TO OUR KNOWLEDGE OF 
BALANOPHORA. 


I. The Morphology and Parasitism of the Tuber. 
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7. Introduction. 


THE origin and development of the curious root-parasites belonging to 
the family of the Balanophoracee have been the problems of investigation 
since, if not before, the time of Micheli, not only on account of the extreme 
reduction of their floral organs, but also on account of their parasitism and 
habit. Some of the earlier investigators of these plants were constrained to 
read in the developmental course of the tuber and of the inflorescence a 
strange similarity to the Clavariee or the Agaricacee, while others 
regarded them as abnormal outgrowths of the roots of forest-trees; 


nevertheless, the phanerogamic basis of their life-history was at no time 
doubted. 


Of the numerous treatises on the morphology of the tuber and its 
anatomical relationship with the host, those of Unger, Goeppert (of both of 
which the original papers were not available to the writers), Hooker, Solms- 
Laubach and Heinricher seem to be the most valuable contributions. 
Hooker? in his monographic work, “Structure and affinities of the 
Balanophoracee”’ has furnished us with a fund of information pertaining 
to the anatomy and histology of the tuber, as well as the taxonomic relation- 
ships within the family. Some of his assertions, however, particularly 
those in which he maintains that the woody vascular system which 
traverses the ground tissue of the tuber of Balanophora belongs to the 
parasite are contradictory to Goeppert’s findings, and incorrect. But 
Goeppert’s observations have since been confirmed by Solms-Laubach,* 
who has established the identity of the vascluar system of the host-root and 
those traversing the parasite-tuber. Solms-Laubach has also given a short 
resumé of the important literature upon the subject, selected out of the 
numerous philosphic dissertations and nature-phantasies on these problema- 
tic plants. WHeinricher’s work (of which unfortunately only a single 


452 


9 
pat 
vat 
wit 
ari 
Ba 
He 
ne 
pr 
th 
“ve 
ay 
bi 
m 
0 


Contributions to Our Knowledge of Balanophora 453 


paper? was available to the writers) in the main confirms the later obser- 
vations of Solms-Laubach on the existence of an absorption tissue ”’ 
within the vascular steles of the host inside the tuber. A curious situation 
arises here in the fact that van Tieghem® in his extensive work on the 
Balanophorales, published in the same year as an earlier paper of 
Heinricher, surprisingly enough records observations radically opposite to 
Heinricher’s in that he revives Hooker’s view refuted by Solms-Laubach 
nearly 40 years earlier. 


On the origin and the early development of the floriferous branch, the 
previous literature is inadequate. Solms-I,aubach has attempted to locate 
the growing region of the tuber ; in the absence (as he believed) of growing 
apices, he infers that the early establishments of the endogenous floral 
branches must be laid by the formation of secondary meristems. 


Finally, on the morphological nature of the tuber, one need only 
mention Goebel’s interpretation, which is the last word on the subject at 
the present day. Goebel! considers the tuberous vegetative body of the 
parasite as corresponding to the hypocotylous segment of the seedling, the 
only segment which develops while all the other embryo-organs are sup- 
pressed, and which later gives rise to the floral branch adventitiously. 


2. Material and Methods. 


The present study is based on investigations made on two species of 
Balanophora, B. indica and another which has been provisionally identified 
as B. dioica, R. Br. Tubers at various stages of development were 
collected in January 1933, B. indica at Coonoor, Nilgiris, and B. dioica at 
Makut on the Coorg-Malabar boundary, S. India, and fixed on the spot in 
formacetic alcohol. Paraffin sections 8-10. thick of selected parts of the 
tuber were stained, some in iron-alum Hematoxylin, but most of them in 
Saffranin-Light-green combination. Most of the figures were drawn with 
zeichenapparat, the rest being semi-diagrammatic. 


3. Observations. 

(a) External Morphology—aA fully grown tuber of B. dioica is about 
twice the size of a man’s fist, and runs out into several lobes. Each of the 
projecting lobes is almost certain to contain within it the beginnings of an 
inflorescence. While young plants almost as tiny as a pea often beara 
single, small-sized floral branch, the older ones produce several bigger ones, 
year after year during their long flowering season, till the tubers attain their 
maximum size and then die down. ‘The rough outer surface of the tuber is 
spread over with the scattered mycelia of a fungus, which attacks the 
inflorescences when they are shed. ‘There are sometimes no pustules.. The 
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lobes of the tuber are often hollowed out. by insects, which lay their eggs 
within, and the entire association comprising of the tuberous parasite, the 
host-root system growing with it, the fungus on its surface and the insects 
which lodge within it and probably fertilise the flowers provide an interest- 
ing system of inter-related life-histories. 


In B. indica the tubers are bigger and may be lodged on roots nearly 
half-an-inch thick. Young tubers, however, resemble those of B. dioica, but 
do not put forth an inflorescence till they have attained a considerable size, 
Pustules are present, but fungal mycelia have not been seen. In both 
species, the tubers are partly or wholly subterranean. 


The youngest tubers obtained are shown in Pl. XLVIII, Fig. 1. The 
smallest of them is not more than 1-5 mm. in diameter, but already shows an 
internal structure, qualitatively not very different from that observed in the 
older tubers. One tiny tubercle (a) appears as though it had burst out 
from the interior of the host-root whose outer bark forms a short collar at 
the base of the tubercle. Such tubers have, before this, given rise to the 
belief that the parasite tissues remain within the host-root, and burst out 
into tubers at certain stages, somewhat after the manner of Rafflesia or 
Pilostyles (see Heinricher).2. This extremely interesting question, however, 
is outside the scope of the present study. 


Pl. XLIX, Fig. 1 shows a tuber of B. indica in diagrammatic longitudi- 
nal section, showing the vascular bundles (slightly exaggerated) permeating 
the body of the parasite-tuber as a profusely branching system. It was 
reconstructed from preparations obtained from dissected and macerated 
material and serves to give a preliminary idea of the body of the tuber in 
relation to the disposition of the strands which (as has frequently been 
proved ere this) belong to the host-root system. 


(6) Anatomy.—The ground-tissue of the tuber consists for the most part 
of undifferentiated parenchymatous cells, most of which are filled with a sticky 
resinous substance, termed ‘ Balanophorin’ by Goeppert. The outermost 
cells: of this tissue bounding on the exterior..are large and have thickened 
walls towards the exterior, and no epidermis is differentiated. With the 
growth. of the tuber, these cells are broken down and wear off, rendering the 
outer surface rough. The ground-tissue of the tuber is more or less irregu- 
larly traversed by a branching system of woody strands, conspicuous by 
their. brown colour and their relative hardness in the white and fleshy 
:parenchyma of the tuber. Each of them is equivalent to’a root of the host- 
plant, though extremely modified in appearance, structure. and behaviour, 
and may. be termed an “intra-matrical host-root”’ for want of- a better 
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descriptive term. The entire system of these intra-matrical roots is directly 
traceable to and is continuous with the woody root of the host on which the 
tuber is perched, and from which it derives its nourishment. ‘These well- 
known facts have to be re-asserted in view of the opinions to the contrary 
expressed by van Tieghem’ in his work on the’ “ Inovulee’’, to which one 
will have to refer again in a later paragraph. 


(1) The Intra-matrical Root.—The cross-section of one of these intra- 
matrical roots taken near o12 of the distal eals of the system (i.e., near the 
periphery of the tuber) discloses au extra2mely simple structure. In the 
specimens of B. indica, collected for this investigation, the intra-matrical 
host tissue being conspicuously smaller celled than the parasite tissues, the 
distinction between the two is extremely easy and well-marked. The entire 
region of the host tissues is surrounded by a sheath of three or four layers of 
parasite parenchyma; the cells of this sheath do not differ from the general 
parenchyma of the tuber, save that they appear often slightly elongated 
along the length of the root (flattened as it were by the increase in girth of 
the root), and are characterised by the absence of balanophorin. The 
sheath is delimited by the slightly thickened cell-walls of the outermost 
cell-layer of the sheath. The innermost sheath-cells contiguous to the host 
tissues possess slightly bigger and more prominent nuclei and slightly denser 
plasma than the rest of the cells of the parasite-parenchyma. ‘The host- 
elements thus delimited by this sheath consist in this region mainly of an 
undifferentiated small-celled tissue. This tissue is interspersed with large cells 
in such a manner that the small-celled tissue appears as though it fills the 
interstices between these big cells. The latter possess thin walls and large 
nuclei. In B. indica, they generally showed plasmolysed contents, but in 
B. dioica they were observed to possess a dense plasma sometimes uniformly 
granular, sometimes filled with minute droplets, and their nuclei were oval or 
slightly distorted; appearances, in short, which led van Tieghem to regard them 
as secretory cells. In their size and the appearance of their nuclei, these cells 
tesemble the cells of the parasite-tuber, and (as will be seen later) their long 
and somewhat irregular rows can be traced along the length of the intra- 
matrical root up to the growing region of the parasite, where they are 
formed and differentiated. They are collectively called the ‘‘ Secondary 
Thallus”’ by Strigl according to Heinricher,? and are believed by him to 
have an absorptive (haustorial) function. Here and there adjoining these 
absorptive-cells, but dispersed in the small-celled host tissue apparently 
without a definite order or regularity are a few tracheids with pitted or 
scalariform thickening. These are the protoxylem elements of the intra- 
matrical root. The small-celled tissue extends into the interstices of the 
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innermost cells of the sheath so that ina cross-section, the young intra- 
matrical root has the outline of an irregular cog-wheel with sharply-pointed 
cogs. Neither the strands of the phloem nor the layers of cambium are to 
be seen in this portion of the root, nor is there the evidence of a differen- 
tiated endodermis or pericycle enclosing the poorly-developed primary stele. 
The entire small-celled tissue retains its cell-contents and the nuclei also 
remain as prominent as in a meristematic tissue. But it has not been seen to 
undergo cell-multiplication in this region such as has been observed in the 
meristematic tissue situated at the distal end of the intra-matrical root. 

In a slightly older portion of the same root, we find the scattered 
tracheids of the protoxylem supplemented by metaxylem elements, whose 
formation is not regularly centripetal as in a normal root. Like the deve- 
lopment of the protoxylem, the development of the metaxylem also seems 
to be rendered irregular by the presence of the absorptive cells. No spiral 
or annular vessels have been noticed either in the protoxylem or in the 
metaxylem, and one also notes that except in the formation of tracheids, no 
elongation either of the individual cells or of the root as a whole takes place, 
almost all the host tissues remaining as they were first formed. 


In the small-celled tissue lying outside this central region of mixed 
protoxylem, metaxylem and parasitic absorptive cells layers of cambium are 
now gradually differentiated. These may be made out in Pl. XLIX, Fig. 3 
but are seen better at a later stage such as the one shown in Fig. 4. This 
shows a broad and fully-formed band of cambial cells ; in this particular 
instance, the metaxylem-arrangement is more root-like. There is still no 
pericycle but from the location of the cambial layers, one may assume that 
the narrow band of host tissue lying exteriorly to this cambium to corres- 
pond to the cortex of the intra-matrical root. 


The still older roots within the tuber possess a more or less wide ring 
of secondary wood, without any medullary rays. The formation of 
secondary wood proceeds from the cambial layers just described. The 
secondary tissues are formed in the close proximity of the outermost groups 
of the primary xylem ; and a continuous ring of wood and wood-parenchyma 
is formed, in which a few radial rows of narrow pitted or scalariform vessels 
are seen. The cells of the host tissue lying outside this woody ring lose 
their dense cell-contents, and the outermost of them undergo some of the 
changes usually seen in bark-formation; although no phellogen as such 
seems to be developed, some of the cells in this region take a deep stain, not 
unlike suberised cells. Little further change takes place in this tissue and 
it remains sandwiched between the parasitic parenchyma and the growing 
woody cylinder of the intra-matrical root (Pl. L, Fig. 1). The maximum 
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development of secondary tissues in any tuber is seen in the main intra- 
matrical root at the basal region of the tuber, close to the point of attach- 
ment on the extra-matrical host-root. From this region, the intra-matrical 
host-root is directly traceable to its extra-matrical portion, where it shows 
the normal dicotyledonous root-structure (Pl. L, Fig. 2). The absorptive 
cells of the parasite are absent in the extra-matrical portion, and the primary 
stele has the centripetal metaxylem. The woody cylinders of the two are 
continuous with the normal bark-forming cortex of the extra-matrical 
host-root. 

(2) The growing points.*—Situated at the point of termination of the 
intra-matrical host-root, surmounting, as it were, the distal extremity of it, 
are a few layers of cells, which establish a continuity between the absorptive- 
cells within the intra-matrical root on the one hand and the parenchyma of 
the tuber outside it, on the other. It is perfectly continuous with the latter 
and as the region is quite localised, it is readily recognised. The cells are 
smaller than the average parenchymatous cells of the parasite, prismatic or 
rectangular, thin-walled and provided with dense protoplasm and large 
nuclei, in short, undoubtedly meristematic, and so obvious that one is at a 
loss to know how it could have been overlooked by Solms-Laubach, van 
Tieghem and others (Pl. XLIX, Fig. 2). 


One has little doubt that this constitutes the primary meristem of the 
parasite. As every branch of the host-root system within the tuber is 
surmounted by a meristematic region of the parasite, it follows that the 
parasite has as many growing points as the intra-matrical system has 
ultimate branches in the tuber. As the growth of the tuber and that of the 
host-root system within it take place side by side and are entirely correlated 
with one another, it is necessary to describe the growth of the latter before 
proceeding to examine the growth of the tuber. 


(3) The Growth of the Intra-matrical Roots.—That region of the small- 
celled host-tissue immediately adjoining the parasitic meristem differs from 
the rest of the same tissue in that cell-divisions are observed to take place in 
it, whereas, elsewhere, as said before, the tissue seems to be inactive. 
Though the division-spindles observed in this apical region of the intra- 
matrical root are few and far between, yet it seems safe to infer that it 
constitutes a slow-growing (or perhaps periodically active) apical growing 


* Since the above was written, a summary by Dr. A. Sperlich, of Heinricher’s work 
on the growth and parasitism of the Bulanophoracee in ‘“* Hindbuch der Pflanzen- 
anatomie, Band IX/2 Die Absorptionsorgane der parasitischen Samenpflanzen ”’ (Berlin, 
1925, p. 20-23) was obtained. The results show a large measure of correspondence, 
almost entirely in the part dealing with the growing points of the tuber. : 
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point of this root. The two meristems are thus contiguous. In B. indica 
the intra-matrical meristem of the particular host-plant is very easily dis- 
tinguished from the parasite-meristem by the smaller size of its cells; an 
extremely fortunate circumstance, for though the host-tissues within the 
tuber are generally smaller-celled than those outside the tuber, yet there may 
not always be a difference between the host and the parasite-meristems in 
the size of their cells. This may very naturally depend upon the species of 
the host. That such is the case is shown by B. dioica in our collection; 
here the difference in the size of the two contiguous meristems is not so 
great as in the specimens of B. indica, so that the cells could be referred to 
either of the two meristems only with some difficulty. There is, however, a 
marked difference between the host-parenchyma and the parasite- 
parenchyma, for while the parasite cells increase rapidly in size and alter in 
general appearance both within and without the intra-matrical root, the 
host-cells remain more or less as they were first formed, and offer as sharp a 
contrast with the host tissues in the advanced stages as in the case of 
B. indica described earlier (Pl. XLIX, Fig. 3). 


The presence of the dividing nuclei in the two meristems shows that 
cell-multiplication takes place in both the meristems side by side. The line 
of demarcation between these two adjacent meristems is by no means 
straight, but is similar to what is observed in the case of the sheath-cells 
and the small-celled host tissue adjoining it. In other words, the host- 
meristem runs into the interstices between the nearest cells of the parasite- 
meristem. Thus the parasite-cells which are formed and differentiated towards 
the host-meristem, are already separated from their neighbours by the 
wedging in of the host-meristem cells and are thus isolated in long, irregular 
rows along the length of the intra-matrical root. Sometimes at an early 
stage they divide, but always grow considerably in size soon after their 
division and undergo changes which characterise them as absorptive cells 
already described (Pl. XLIX, Fig. 2). They take no part in the development 
or the secondary growth of the intra-matrical root, but are present in such 
large numbers from the earliest stages of development of the primary stele of 
the host, that the normal development of the proto- and meta-xylem of 
the latter is interfered with and effectively disturbed (Pl. XLIX, Fig. 3). 

The growth of the two meristems seems to be simultaneous. In their 
growth against one another, it is difficult to say which of them is the 
aggressor, though from the nature of the relationship, one would naturally 
imagine that the parasite cells push themselves into the host-meristem. 
The manner in which the cells of the latter wedge their way in between the 
meristematic cells of the parasite and often isolate them, indicates, on the 
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other hand, that 'they have at least some share in the interlocking growth 
of the two tissues. 


(4) The Growth of the Tuber—The parasitic meristem, though well 
marked out from the parenchyma of the tuber yet, is uninterruptedly conti- 
nuous with it. From the meristematic ceils in the centre of the growing 
region to the differentiated cells of the parenchyma is a gradual transition 
in the size and appearance of the cells, in which the progressive differenti- 
ation of the meristematic cells into the ground-tissue of the parasite can be 
observed. It is easily seen that while the cells formed by the meristematic 
region towards the intra-matrical root go to form the absorptive tissue 
mentioned above, the rest add to the parasite parenchyma. They increase 
in size gradually, become somewhat rounded, and quickly develop a large, 
central vacuole, soon filled with Balanophorin. ‘To a certain extent, their 
growth in size, coupled with a mutual adjustment between the cells, renders 
possible the continued activity of the parasite-meristem. Towards the 
periphery, however, the parenchymatous cells appear to become secondarily 
meristematic and to divide further. This is particularly well seen in 
B. indica, where the tubers attain considerable sizes. In these tubers, at the 
periphery, a few layers of cells are observed to possess slightly denser 
contents and more prominent nuclei than the cells of the ground-tissue do, 
The cell-walls are often straight, unlike those of the more interiorly-situated 
cells, which serve mainly for the storage of reserve material. Though here 
and there a cell-division has been observed in this region, the growth here 
is admittedly more general in the sense that it is not localised, and conse- 
quently, this region shows no indication of rapid growth. ‘The contrast 
between the central inactive parenchyma and the peripheral growing region 
is quite distinct, particularly where the tuber is about to branch into two, 
or where a lobe enclosing a young floriferous shoot is rapidly growing 
insize. At the extreme periphery, the cells are slightly flattened and at 
the outermost layers, the cells burst their thickly-suberised walls or split 
away from one another and thereby make the surface of the tuber roughly 
granular. 


(5) The Conducting System of the Parasite —Whether the parasite tuber 
possesses a vascular system of its own during its vegetative growth and 
whether it is continuous with the intra-matrical strands of the host have 
been controversial questions since the time of Goeppert and Hooker, but as 
yet (so far as the available literature shows) no satisfactory solution to these 


' questions has been put forward. Running in various directions here and 


there across the parenchyma of the tuber are strands of three or four rows 
of parasite-cells, These are narrower, if not longer, than the ordinary cells 
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of the parasite-parenchyma, and possess slightly denser plasma and darker- 
staining nuclei. In these strands very often spiral tracheids are developed, 
The strands, here and there, appear to establish connections with the 
intra-matrical host-root. They reach the innermost cells of the sheath, which 
resemble to some extent, the absorptive cells within the host-tissues and 
which are, not infrequently, contiguous to the outermost of the absorptive- 
cells. The spiral tracheids of the parasite-system, however, stop short at the 
sheath of the intra-matrical root, and thus create the impression that the two 
systems, viz., the intra-matrical roots and the parasite strands, are quite 
discontinuous, a statement which is only partly true. 


The conducting system does not show any regularity of distribution and 
arrangement. It is easily overlooked in a section owing to its more or less 
tortuous course, and its indistinct connection with the host tissues is not 
observed at first sight. During the early formation of a floriferous branch, 
a considerable number of these strands is formed in connection with the 
neighbouring intra-matrical roots and these strands organise themselves into 
a loose anastomosing system in the vicinity of the primordium of the 
floriferous shoot. The strands here are generally better developed than 
elsewhere, the tracheids being formed in larger numbers; but their best 
development takes place within the stalk of the inflorescence during 
its later growth and elongation. 


Thus it will be seen that in B. indica, the parasite-tuber possesses 
during its vegetative growth a rudimentary system of feebly-developed 
strands with spiral tracheids. This, however, may not be true of all species 
and at all stages of the development of the tuber. It may depend upon the 
size attained by the tuber or may be associated with the origin of the 
floriferous branch. The large difference of opinion seen in the previous 
literature on this point makes it difficult to generalise the facts seen in one 
or two species. Two facts seem to be definite: that the rudimentary 
vascular system is developed without any definite arrangement or orienta- 
tion and according to the needs arising in the course of the growth of the 
tuber; and that its best and most orderly development takes place in and 
in connection with the fioriferous branch. 


(c) The Origin of the Inflorescence. 

(1) The formation of the inflorescence-cavity.—For this part of the 
investigation, B. dioica provided an extremely suitable material, for in it, 
the first indications of the formation of a floriferous branch are to be seen in 
a lobe at a very early stage of development, when it is no bigger than a 
hanging drop of water. Such a lobe shows in its interior a minute cavity 
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which seems to arise in the following manner: Where a cavity is about to 
develop, the paranchymatous cells of the parasite are depleted of their 
storage material, and the common walls of three or four contiguous cells 
swell up and gradually disintegrate, often after splitting from one another. 
The swelling of the cell-wall extends to the adjoining cells, but sometimes a 
single cell is observed to disintegrate, causing a cavity to be formed (Pl. LI, 
Figs. 5 and 6). This cavity is lined by the swollen, deeply-staining walls of 
the surrounding cells, some of which may disintegrate too. The cavity 
grows in size, first by the splitting and stretching apart of the surrounding 
cells, which takes place at certain points and extends radially outwards 
(Pl. LI, Fig. 7); and later by the enlargement of the containing lobe, the 
parenchyma of which now becomes secondarily meristematic, particularly 
above and around the cavity. Thus the cavity arises lysigenously and 
enlarges to a large extent schizogenously. 

Though as a rule, a lobe gives rise to a single floriferous shoot, in many 
cases, in the interior of the lobe, swollen or partly split cell-walls are seen 
side by side with a half-developed floriferous branch, which suggests 
that the formation of more than one cavity is initiated, but of these only 
one reaches the full development (Pl. LI, Fig. 5). 

So far as the present observations go, the cavity does not seem to have 
a predefined position in the interior of the lobe in which it arises; nor does 
it arise in direct connection with any of the host-roots in the lobe. But 
often the region where a cavity is to be formed is connected with the source 
of nourishment (the intra-matrical root) by a conducting strand of the parasite, 
in which, as said before, spiral tracheids are developed (Pl. LI, Fig. 6). This 
strand approaches close to the region of the swollen cell-walls. As the 
vascular strands are found fairly developed at the time when the cavity is yet 
in its early stages of formation, it seems probable that the cavity arises in 
relation to an already existing or developing vascular strand; though the 
cavities do not abut directly on a vascular strand, but are situated only in 
their immediate neighbourhood, it would be reasonable to presume that a 
cavity will naturally arise in the vicinity of a conducting strand. There is no 
indication, however, to show that particular regionsin the tuber-parenchyma 
are set apart during their formation from the primary meristem to give rise 
later to cavities and inflorescences ; at any rate, such predefined regions are 
not visibly differentiated in the parenchyma in which they later arise and the 
probability is that the formation of a cavity is determined by relatively 
external conditions such as the size attained by the lobe, its rate of growth or 
the season of flowering, while its exact position seems to be largely dependent 
upon the vascular strands of the parasite. 
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(2) The formation of the primordiwm.—The inflorescence takes its origin 
on the side of the cavity turned towards the vascular strand; as this is not 
always the side nearest to the centre of the lobe, the long-axis of the 
inflorescence-primordium—when it is formed,—is not always parallel to the 
long-axis of the lobe containing it. The primordium, however, never arises 
on the side of the cavity towards the periphery of the lobe. At first, when 
the schizogenous extension of the cavity is still incomplete, the cavity is 
uneven in shape, but during its later growth, the angularities are smoothed 
out. The primordium then shows itself as a short conical outgrowth 
projecting into the cavity. The cells of this outgrowth and those situated 
between this and the vascular strand appear slightly smaller in size than 
elsewhere, and possess thin and straight walls, but it is only at a later stage 
that they develop somewhat denser contents and prominent nuclei (PI. LI, 
Figs. 9 and 10). The outgrowth may arise immediately or some time after 
the formation of the cavity. In the former case, the primordium keeps pace 
with the enlargement of the cavity and no vacant space is to be seen in the 
cavity, save in the earliest stages. On the other hand, when the primordium 
is delayed in taking origin, it is some time before it fills the slowly-growing 
cavity. 


At a very early stage, when the floriferous branch is little more than 
an ovoid mass of undifferentiated cells, scales grow up from or near its 
narrow base on all sides one by one. Each scale is at first 2 or 3 cells thick, 
and extends from the base, over the top and sometimes on to the other side 
of the slightly enlarged head of the primordium (Pl. LI, Figs. 11 and 12). 
They arise in acropetal succession, rapidly increasing in number. Mean- 
while, spiral tracheids make their appearance along the axis of the ovoid 
primordium. ‘The first strands are centrally situated; gradually more 
tracheidal strands are differentiated in the vicinity of these at the base of 
the primordium. These strands extend proximally along the short stalk and 
establish themselves as a system continuous with the already-differentiated 
strands in the neighbourhood of the cavity, which again are connected 
proximally with the intra-matrical roots and terminate in the sheaths of the 
latter. ‘Their course in the parenchyma of the lobe below the base of the 
primordium does not follow a definite plan being largely determined by the 
disposition of the intra-matrical host-roots in the neighbourhood. In the 
stalk of the floriferous branch, when fully developed, they have a more or 
less definite orientation, and in cross-section, appear to be arranged in 
concentric circles. On their disposition and later development in this 
region, we have the accounts of Hooker and van Tieghem, to which one can 
add but little, 
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In the later stages, a comparatively rapid growth of the lobe brought 
about by the secondary meristematic activity of the parenchyma of the 
entire lobe, results in a corresponding increase in the size of the cavity. 
The growth of the inflorescence with the development of scale-leaves 
covering the head, however, proceeds at a quicker pace, so that finally 
the parenchymatous crust formed by the lobe-tissue is burst open at 
the apex. The floriferous branch thereafter grows out by the elongation of 
the stalk, leaving the crust as an irregularly lobed collar round its base. 


4. Discussion. 


(a) The Intra-matrical System.—Ph. van Tieghem’s paper on the 
“Tnovulez ’’ makes it necessary to demonstrate here once again some facts 
discovered well-nigh a century ago. As pointed out earlier in the account, 
van Tieghem believes, as Hooker did, that the system of ‘‘ cordons vascu- 
laires’’ in the tuber of Balanophora belongs to the parasite and is consti- 
tuted entirely of parasitic tissues. The most important reason for this 
belief is that he finds in the primary stele of this vascular cylinder a centri- 
fugal arrangement of the proto- and meta-xylem groups, which is typical of the 
epicotyl or the stem. That being the case (he proceeds) the root of the host 
cannot be conceived of as giving rise to a stem-stele, and therefore this stele 
must belong to the parasite. This having been further confirmed by the 
absence of the root-cap, root-hairs, etc., he takes the absorptive cells to be 
medullary secretory tissue, and the entire tuber is described as possessing a 
polyarch stele. 

A striking feature of the cross-section of the intra-matrical host-root in 
B. indica is the obvious difference between the tissues of the parasite and 
those of the host, in the size of the cells. In spite of the intimate association 
of these contiguous tissues, this persistent difference makes the distinction 
between the two easy and unmistakable, even in the meristematic region. 
In a longitudinal section, this small-celled tissue can be traced downwards 
to the host-root, and although, outside the tuber, in the normally developing 
root, the cells are bigger in size, almost everyone of the host tissues within 
the tuber is in uninterrupted organic continuity with those outside it. This 
is particularly well seen in young tubercles. Again a few tubers with the 
attached portions of the host-roots were macerated in boiling solution of 
caustic soda and these on washing away the parasitic tissues, gave beauti- 
ful “‘skeletons’’ of the parasite, consisting of the entire system of the intra- 
matrical roots, perfectly continuous with the main host-root (Pl. XLVIII, 
Fig. 2). In short, the continuity of the intra- and extra-matrical portions is 
so obvious even at a glance that it seems superfluous to enter into details. 
The structure of the intra-matrical roots, it must be admitted, does not 
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possess all the characteristics of a root-stele, but assuredly enough, it does 
not possess those of the stem-type either. From the region of the primary 
meristem onwards, one observes the host tissues sundered apart by the 
absorptive-cells, their normal course of development entirely altered. The 
formation of the proto- and meta-xylem is irregular and phloem-groups 
are indistinguishable; the rest of the tissues remain undifferentiated 
till the development of secondary wood. ‘These abnormalities are only 
to be expected in a system which is under the direct influence of and in 
immediate contact with the parasite, which establishes with its host an 
extremely intimate relationship. 

Van Tieghem’s error, however, is not quite unaccountable. The rela- 
tion and association of the two tissues, host and parasite, are so intimate 
everywhere, even in the region of growth, that no distinction can possibly 
be made between the two, save where the difference in the size of the cells 
is sharply marked. The instance of B. dioica has already been cited, where 
the two meristems are not so easily distinguished from one another as in 
B. indica. Such was probably the case in the material investigated by 
van Tieghem. Nevertheless, it is astonishing how he could have failed to 
note the perfect continuity of the intra- and extra-matrical host-roots. 

Though it has long been known that the intra-matrical vascular system 
belongs to the host, the fact that each of those strands corresponds to an 
entire root seems to have been noticed only by Heinricher or probably 
Solms-Laubach, before him. (Unfortunately neither of these papers was 
available to the writers.) It has already been pointed out that almost 
every one of the tissues of the normal host-root has a counterpart in a well- 
grown intra-matrical root, whose structure, however, is considerably 
modified under the influence of its parasitic environments. The most 
important of these modifications are the absence of a root-cap, a differentiat- 
ed epidermis and root-hairs, besides the malformations of the primary stele, 
the imperfect development of the phloem and bark and the dichotomous 
mode of branching. That all these modifications induced in the root 
structure are attributable solely and exclusively to the influence of the 
parasite upon it was strikingly confirmed in a certain tuber of B. indica, in 
which the intra-matrical system had grown out beyond the tuber (Pl. XLVIII, 
Fig. 3). This tuber was found growing upside down, probably having been 
turned over by gardeners working in the neighbourhood or by rodents. It 
was partly buried in the moist soil with the host-root above it, and must 
have been lying thus for a considerable time, for the tender, pale-white 
roots which grew out of tiny pits in the tuber were already about a couple 
of inches long. They had no root-hairs, but in all other respects (including 
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the possession of a root-cap) they showed the normal structure of young 
dicotyledonous roots, and their respective tissues were continuous with those 
of intra-matrical system (Pl. XLVIII, Fig. 4). The undifferentiated parenchyma 
of the latter was re-elaborated in them into the usual tissue layers of the roots, 
namely, the endodermis, the pericycle, the cortex and the epidermis, and 
the normal size of the cells was restored (Pl. XLVIII, Fig. 5). Absorptive cells 
of the parasite were totally absent and lateral roots were produced endo- 
genously (Pl. XI,VIII, Fig. 6). Altogether this little find entirely laid open 
the facts of the case, and was so interesting that it had to be laid aside for 
a separate study. 

The above facts undeniably go to show that despite the continued 
influence of the parasite upon it, and the more or less fundamental changes 
brought about in its structure and behaviour, the host-root system within 
the tuber is yet capable of re-assuming the normal form of growth when 
this influence is removed. 

How these roots originally arise from the parent host-root and become 
modified is yet an unsolved question. At least two alternatives have been 
suggested. One that the radicle of the parasite seedling penetrating into 
the young host-root splits apart its vascular cylinder and these split portions 
are drawn in to the parasite-tuber. If this were the case, it should be 
assumed that each of these strands develops itself, by the activity of its 
cambium, into a (potentially) complete root. The other alternative is that 
the influence of the contact or the early penetration by the parasite radicle 
on the host-root, stimulates the latter to produce a lateral root into the 
parasite tubercle, this induced rootlet later giving rise to the intra-matrical 
root-system. The growth of one of the intra-matrical root branches into a 
normal root outside the tuber is strong evidence in favour of the second 
alternative. It is only by a study of germination and of the early stages of 
tuber-formation that this problem can be finally solved. At present, the 
question is best left open. 

(b) The Mode of Growth.—The location of the growing regions deeply 
imbedded within the tissues of the parasite and the ‘‘ centrifugal”’ growth of 
the tuber appear at first sight to be contrary to the normal modes of growth 
generally obtaining in plants. Indeed, the entire structure and develop- 
mental course of the parasite-body is profoundly modified by the absence of 
apical or intercalary growing-regions in the ordinary sense of these terms. 
That the growth, however, is really apical and essentially similar to that of 
the other flowering plants is evident on a little reflection. But before inter- 
preting this “‘ centrifugal’ growth of Balanophora in terms of apical inter- 
calary growth, it is necessary to conceive of the tuber as an enlargement of 
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the hypocotylous segment of the seedling, which alone develops, while the 
other embryo organs are, for the time being, suppressed. This is Goebel’s 
interpretation. Goebel! considers that Balanophora in this respect, 
stands a step ahead of Orobanche, in which the radicle penetrates into the 
host-root and gives rise to a tiny tubercle outside the host-root, and 
from this the floriferous shoot arises adventitiously. This is exactly what 
obtains in Balanophora, only here the development of the tubercle proceeds 
to a far greater extent with resultant modifications. Now one of these 
modifications is the growth of the host-root and its penetration into the 
tuber. In this case, one has to consider that the radicular growing point 
is itself carried inward into the tuber by the growth of the host-root and 
comes to be centrally situated. Later, by inducing a repeated forking of 
the host-root, it divides itself into numerous centres of cell-multipli- 
cation, and results in the formation of a tuberous, lobed body. 
Under these conditions, the growth of the host-root is inseparably bound up 
with its penetration by the parasite-cells, and the parasite is thereby 
enabled to possess a meristematic tissue outside the root as distinct from an 
absorptive tissue inside it. These relationships of the host and the parasite 
are diagrammatically shown in Plate XLIX, Fig. 13. 


The endogenous origin of the inflorescence-shoot has a significance 
bearing upon the morphological interpretation of the tuber. Goebel’s 
hypocotylar interpretation is based primarily on two grounds; namely, the 
endogenous origin of the floriferous shoot and the evidence from allied 
plant-parasites, such as Cynomorium coccineum and the Orobanchacee, in 
which the stages of germination and the formation of hypocotylar tubercle 
have been investigated. In the absence of corresponding investigations in 


Balanophora, the adventitious formation of the inflorescence may be consi- 
dered a little further. 


Cases of origin of shoot-buds from radicular organs are well known; 
Linaria vulgaris, Solanum dulcamara and many of the Rosacee (Phyrus, 
Prunus, Rubus, etc.) are among the outstanding examples. But the 
interesting feature of the adventitious bud of Balanophora is the develop- 
ment of the cavity and the formation of a free surface prior to the 
appearance of the inflorescence primordium. A digestion of the tissues in 
contact with the growing point as in the formation of a lateral root does 
not take place here and though one or two cells do appear to undergo 
disintegration, they do so long before the formation of a meristematic 
region abutting on the cavity. The cavity is mainly schizogenous in origin. 
In the light of the mode of growth of Balanophora-tuber, where the growing 
point is covered over all round by the tuber-tissue, the inflorescence arising 
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on a free surface of a cavity may be given an altogether different 
interpretation. It may be suggested that the inflorescence is truly 
exogenous, for with this mode of growth, the bud which would normally 
be formed on the surface of the vegetative body, would find its growth 
arrested at the very start by the overlying tuber tissues. The formation 
of a free surface for the development of the bud is thereby hindered and 
postponed and takes place at a later stage. In other words, the formaticn 
of the cavity here is the re-formation of the free surface, previously closed 
over at the meristematic region, which would mean that the bud is really 
exogenous in origin. 

The above interpretation is somewhat hypothetical, for at present 
there is little evidence to support it. So far as the present observations 
show, the cavity is entirely a secondary formation, and not an enlargement 
of a pre-existing cavity or a “ free surface’’ grown over. The inflorescence 
should for the present be regarded as endogenous and with the assumption 
of Goebel’s interpretation, the schizogenous nature of the cavity may be 
looked upon as a minor adaptation. 


5. Summary, 


The paper deals with the morphological relationships of the host and 
parasite, as well as the manner of origin of the inflorescence. The growth 
of the intra-matrical host-roots and the development of their tissues which 
proceeds side by side with the growth and development of the tuber, is 
described. The intimate relationships of the host and parasite are shown 
by their contiguous meristems which grow more or less against one another 
while also adding to their respective tissue systems. While the host- 
meristem penetrates into the cell-interstices of the parasite-meristem, the 
latter develops cells towards the host-meristem which are pushed into 
the host-root during its growth, and form the absorptive tissue of the 
parasite. 

The growth of the tuber proceeds primarily from the parasite meristems. 
The cells of the relatively peripheral layers of the tuber too multiply, 
though not rapidly, and render possible the continued activity of the 
interiorly-situated primary meristems. 

The rudimentary conducting system of the tuber establishes connec- 
tions with the intra-matrical root by means of cells with dense contents. 
These cells can be traced upto the cells which abut directly on the host 
tissues. 


That the intra-matrical system traversing the tuber consists of the 
entire roots of the host was definitely proved in a certain tuber, in which 
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these roots had grown out beyond the tuber, and though these were conti- 
nuous, tissue for tissue, with their intra-matrical portions, they showed the 
typical dicotyledonous root structure, normal in every respect ; thus indi- 
cating that the abnormal appearance and behaviour of the intra-matrical 
roots is due solely to the influence of the parasite. 

Prior to the formation of the floriferous shoot in a lobe of the tuber, 
a minute cavity arises in the parenchyma in the vicinity of a parasitic 
vascular strand, often due to the disintegration of one or two cells. 
It enlarges schizogenously and also by the growth of the lobe as a whole. 
The inflorescence primordium grows into this cavity as an outgrowth from 
the side of the vascular strand. By a relatively quick growth and the 
rapid development of scale leaves from the base, it soon outgrows 
the cavity and finally bursts through the lobe covering it. Vascular 
connections between the tissues of the primordium and the conducting 
strand below are formed in very early stages and attain their full develop- 
ment in later stages. 

Though the origin of the inflorescence within a newly-formed cavity 
presents certain peculiarities, the evidence now available is insufficient to 
test the validity of Goebel’s hypocotylar interpretation of the tuber. 
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EXPLANATION TO PLATES. 


The magnifications given in the explanatory paragraphs below refer to the original 
drawing. Where the drawings have been photographed, the reduction in size of the 
entire plate has bcen mentioned separately in the case of each plate. 


PhaTE XLVIII.—(1) Young tubercles of B. indica with host-roots (Photograph) x 4. The 
Intra-matrical System: (2) B. indica. The woody portions of the intra- 
matrical root system obtained by macerating tubers. In each case, 
extra-matrical main-root may be seen. The intra-matrical portion is 
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distinguished by its profuse branching (actual size photograph). 
(3) Parts of the tuber showing the host-roots growing out of the tuber. 
Description in the text. x % (Photograph). The Structure of out- 
grown root. (4) Longitudinal section of the tuber, showing the growth 
of the intra-matrical roots out of the tuber. The continuity of the 
intra- and extra-matrical portions may be observed at a and b. 
In the centre c, is a cross-section of one of these extra-matrical rootlets. 
x 20 (Photomicrograph). (5) Transverse section through one of the 
rootlets grown out of the tuber. Note the normal development of the 
tissue systems, particularly the pentarch primary stele. x 80 (Photo- 
micrograph). (6) Longitudinal section through a root grown out of the 
tuber, showing the origin of a lateral root. x 100 (Photomicrograph). 

PLATE XLIX.—The Anatomy of the Tuber (B. indica, except Fig. 4). (1) Diagrammatic 
longitudinal section of a tuber showing the distribution (slightly ex- 
aggerated) of the intra-matrical host-root system within the tuber (actual 
size). (2) Longitudinal section through a growing point at the distal 
termination of an intra-matrical root, showing the small-celled host tissue 
of the parasite. Capping the host tissues is the meristem of the parasite 
and the host tissue immediately below it is the meristem of the 
intra-matrical host-root. x about 150. (3) Part of asection of a tuber 
showing a young intra-matrical root in transverse section. The irregular 
development of proto- and meta-xylem and the indications of a cambial 
ring may be made out inthe host tissues. The outer boundary of the 
sheath of parasite-cells is shown on the left. (The cell-contents of the 
host-cells have not been shown.) (4) Part of a section of a tuber of B. 
dioica showing a slightly older intra-matrical root, with developed proto- 
and meta-xylem anda wide and fully-formed cambial ring. x about 75. 
(13) Diagrammatic longitudinal section of a Balanophora-tuber illustrating 
the truly apical growing regions of the parasite pushed inwards by the 
growth of the host-root. The host tissues (shown dark) are interspersed 
with parasite absorptive-cells. The host and parasite systems are sepa- 
rated, as it were, from one another for the sake of clear demarcation. In 
the parasite-tuber, the meristem (closely dotted) may be seen wedged in at 
several points by the penetrating meristem of the host-root. The outer 
limit of the sheath of parasite cells is represented by a fine dotted line on 
either side of the intra-matrical root. (x about 17.) 

Prate L.—The Anatomy of the Host-Root. (1) Part of a longitudinal section of the 
tuber of B. indica showing the intra-matrical host-root in cross-section. 
Description in text. x 64. (Photomicrograph). (2) Transverse section 
of the extra-matrical portion of the host-root. x 64 (Photomicrograph). 

PLATE LI.—The Origin of inflorescence in B. dioica. (5) Semii-diagrammatic longitudinal 
section of one of the lobes showing an inflorescence primordium and a 
tiny “ accessory ”’ cavity with a parasitic conducting strand, just below 
the primordium. x 10. (6) The inflorescence’ cavity arising in the 
parasite-parenchyma in the neighbourhood of a parasitic vascular 
strand; one or two tracheids may be seen in the latter. The contents 
of the cavity indicate the degeneration of a cell at the place. x 90. 
(7) The inflorescence-cavity growing schizogenously. x 38. (8) The 
same at a later stage. x 38. (9) Longitudinal section through the 
cavity showing the early indications of the formation of the inflorescence- 
primordium, The development of thin-walled cells in the region between 
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the vascular strand and the cavity is noteworthy. x 90. 
(10) Longitudinal section showing the inflorescence-primordium ; early 
stages. x 90. (11) Semi-diagrammatic longitudinal section of a lobe 
containing an inflorescence primordium. xX 24. (12) Semi-diagrammatic 
longitudinal section of the inflorescence-primordium at a later stage. 
showing the development of scale leaves. x 33. 


38-35.—Printed at The Bangalore Press, Mysore Road, Bangalore City, by T. Subramania Aiyar, Superintendent, 
and Published by The Indian Academy of Sciences, Indian Institute of Science, Bangalore. 
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1. The Outlook and the Mode of Attack 


Out of the many problems that confront the agriculturist in relatively arid 
regions, the problem of the supply and availability of water to crops is of 
utmost importance and constitutes the backbone of agriculture both from 
practical and scientific points of view. With other conditioning factors 
in crop production supplied well above the requirement of the crop, 
a limitation in soil water alone may considerably retard growth and thereby 
bring about a partial or complete failure of the crop, consequential to a 
struggle against relatively severe environic conditions when the soil moisture 
becomes deficient and reduced to a limiting minimum. 

Two problems of interest and value, therefore, present themselves : 
How far an increase in the water supply to the soil will bring about 
an increase in dry matter production and final yield? And how, in what 
manner, and at what stage of the life cycle a deficiency in the same would 
enable the plant to withstand drought and allow it to remain above 
its wilting level ? While the former aspect applies mostly to flooded areas or 
regions of extensive water supply, the latter applies mostly to relatively arid 
localities where soil moisture constitutes a limiting factor in crop production. 
In the first case, the cultivator due to a lack of knowledge of the minimum 
water requirement of crops and the exact time for irrigation, prodigally uses 
the supply of water at his command and rather than supplying to the exact 
needs of the crop helps in the conversion of his land into usar. In the second 
instance where lifting of even a small quantity of water from a well or tank 
means an addition to the cost of production, some of them may supply more 
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irrigations than necessary, while others may raise them with an insufficient 


supply of water or none at all and leave the crops to wait for providential 
chance. 


Besides these problems of a general interest, the specific problem 
confronting the agricultural plant physiologists is to definitely determine 
with respect to agricultural crops, the minimum quantity of water needed 
to produce unit dry matter in the plant administered at the opportune time 
with the ultimate end of obtaining the maximum possibilities of growth and 
yield. A lack of proper knowledge in this direction may, therefore, result 
in considerable loss of time and money to the cultivator consequential 
to irrigating his crops in and out of season, in amounts, the exact need for 
which is not known, with the result that crops may suffer either for want or 
excess of it. 


What, therefore, is the minimum water requirement of crops in terms of 
gallons? At what developmental stages water may profitably be supplied ? 
To what extent do the relative water requirements of crops affect the 
yield of different genera, species and varieties ? Whether the period of growth 
for different varieties has got any influence on water requirement ? Whether 
varieties of the same species show appreciable differences in water require- 
ments ?—are the questions to which the physiologist would address himself 
and which would need immediate investigation. Towards the solution of 
these, an attempt is made in the present series of a rather long and detailed 
experimental enquiry. 


The choice in the selection of crops for investigation was principally 
determined both by their economic importance and the specific water 
requirement so that the results may be of direct interest and value to the 
cultivator. As typical representatives of crop plants, cotton, rice, tobacco, 
wheat, barley, oats, linseed, potato, sugarcane, pea, mustard, etc., in all 
fifty-seven genera, species and varieties are specially selected for experi- 
mentation on account of their varying mode of growth, as well as 
characteristic differences regarding their water requirement. 


The term water requirement has been defined by Briggs and Shantz’ as 
the ratio of the weight of water absorbed bya plant during its growth 
cycle to the weight of dry matter produced to the utter exclusion of roots 
which grow at the expense of a sufficiently large proportion of water. Our 
definition differs from that used by these workers in this sense and is taken 
as the ratio of the weight of water transpired by a plant during its growth 
cycle to the weight of the total dry matter produced in the entire body of 
the plant inclusive of roots. 
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These investigations on the water requirement of crop plants which 
constitute the first systematic attempt in this direction were conducted at 
the Experimental Station attached to the Institute of Agricultural Research 
of the Benares Hindu University and the data obtained under as natural 
conditions of the environment as possible. The investigations were begun 
in 1929 with only a few crops. The fundamental ideas having been gained, 
necessity was felt to extend this enquiry to different genera, species and 
varieties of crop plants growing under varying conditions of the environment, 
such that the results may be helpful in solving at least some aspects of the 
problems of irrigation and crop production in this country. 


2. Methods and Materials 


Of the different genera, species and varieties of the crops grown and 
acclimatised to the conditions of the Experimental Farms at this Research 
Station, one variety each of barley, oats, linseed, mustard, potato, pea and 
tobacco, four high yielding strains of wheat, nine varieties of rice, sixteen 
pure strains of selected cotton, and twenty-one improved types of sugarcane 
growing all over India are selected for experimentation. 

The methods employed are essentially the same as discussed in detail 
by Singh’? and Briggs and Shantz.2_ The plants are raised in pots from the 
very start of their life cycle. The upper layer of the farm soil well mixed 
with one-third farm-yard manure and sieved to remove bigger particles of 
kankar is used for filling the pots. ‘To ensure homogeneous growth under 
as natural conditions as possible as also under optimum conditions of 
nutrition, the pots are buried to the extent of three-fourths of their size in 
trenches alternating with the plants grown directly into the field for paral- 
lel comparative studies on growth (Figs. 9-14). The pots are of sufficiently 
big size such that no limitation due to space available for root development 
takes place. This is clearly shown by the uniform growth in size of the 
plants belonging to the pot culture and those present in the field (Fig. 9). 
The soil is watered and well worked out before sowing and requisite 
quantity of water supplied whenever further necessity is felt. At successive 
intervals one such pot is dug out and sealed in metal containers 22” x 18” 
in size (Fig. 12). The cover of such containers provides three openings 
through one of which passes the stem of the plant, while a thermometer is 
fixed in the second and watering and aeration provided through the third. 
All the openings and the annular space in between the stem and the holes 
are carefully sealed by plasticine and wax-petrolatum mixture. The loss of 
water thus takes place entirely through the aerial parts. The access of rain 
and dew into the soil is also excluded. The amount of water lost from the 
soil during transpiration is daily made good by fresh addition of the same 
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and the moisture content maintained at 20-21 per cent. calculated on the 
basis of dry weight. 


The sealed plants are arranged side by side with the field crops and 
during the period of experimentation also are allowed to grow under 
more or less similar conditions. At regular intervals beginning from the 
early morning, pots are weighed on a pan balance, the loss in weight 
recorded and the water thus transpired made up by adding fresh quantity 
of the same every day. 


Six pots of plants of each variety are used and the water requirement 
of each pot determined independently in order to provide a basis for the 
calculation of the probable error of the mean. In the text, however, only 
the average of such six readings is given. The data thus have been 
statistically tested with regard to their significance. 


For the estimation of dry weight produced at any period, the plants 
are dried to constant weight at 100°C. ‘The water requirement is calculated 
on the basis of total dry weight and grain yield per plant, as also the leaf 
yield in case of tobacco, the weight of canes in the case of sugarcane and 
tubers in the case of potato, as these constitute the important organs for 
which the crops are grown. 


For measuring evaporation a shallow copper pan of 31 cms. diameter 
and 3 in. depth is used, since evaporation of water from a shallow pan like 
this has been shown to represent a more reliable measure of the evaporating 
power of the atmosphere’ (Fig. 14). 


The instruments for recording the climatic conditions consist of rain- 
gauge, maximum and minimum thermometers, dry and wet bulb thermo- 
meters and an anemometer. Sunshine conditions and the intensity of 
radiation falling on an unit surface of land are recorded automatically by 
Callendar’s sunshine recorder. Although hourly records of these units are 
obtainable for purposes of comparison, the values are reduced to daily 
averages and finally to weekly. 


3. Experimental Results 


As the present contribution aims in the main to give an expression of 
results of economic interest and value, theoretical considerations of a more 
scientific nature are, as far as possible, purposely avoided and the conclusions 
presented in a direct, concise, yet easily understandable form, so that 
further work along these lines may profitably be taken in hand by others 
interested in this field. For convenience of presentation of the data and 
their interpretation the problem has been treated under separate heads. 
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A. Varietal water requirement of crops and their relative efficiency 


Several varieties of wheat, cotton, sugarcane and rice are experimented 
upon to study the relative efficiency of each and to investigate whether 
different varieties of the same crop show appreciable differences as regards 
their water requirements. We shall proceed to analyse the data with special 
reference to each of the crops separately. 

(1) Wheat.—This crop, though grown in the winter season, requires a 
fairly high expenditure under the item of irrigation. Under the present 
conditions when canal water is assessed by the area irrigated and not by 
the amount of water used, there is no inducement for the cultivator to 
economise, unless the minimum water requirement of different varieties are 
found out and only the actual amount is supplied to the crop. 

Four varieties of wheat, viz., Pusa 4, Cawnpore 13 (bearded), Pusa 
52 and Pusa 12, are used for experimentation. 


TABLE I 


Water requirement of different varieties of wheat at Benares 


Average | Average T” ratio based 
plant of growt plant gms. per plant ~~ - Dry matter Yield 
| gms, gms. 
Wheat Pusa 12..|Dec. 6—| 21-670 6-360 | 8-264 | 38146 1299+9 
Mar. 4 
Cawnpore 19-620 7-840 | 7-893 | 40247 1007 +11 
13 (bearded) 
» Pusat ..| ,; 17-810 | 5-690] 7-479| 42045 | 1314414 
»  Pusa52..|_ ,, 17-840 | 5-640| 7-676] 430+3 | 1361416 
Average .. 19-236 6-382 | 7-828] 408 1245 


A survey of Table I indicates that although the differences in water 
requirement from variety to variety are not well marked, it may be 
concluded on the basis of the results obtained that Pusa 12 is the most 
efficient as regards the economic use of water, while Cawnpore 13, Pusa 4, 
and Pusa 52 come next in order of succession. . 

When compared on the basis of grain production, however, Cawnpore 13 
ranks first in water requirement test, Pusa 12 comes next and other 
varieties follow the same order as before, This deviation from the previous 
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order may be due to the usually higher ratio of grain to total dry matter 
(straw, grain and root) in the case of Cawnpore 13 than other varieties. 


To compare the merits of one variety with those of others as regards 
their water requirement, if the value of Pusa 12 is taken as 1, those of others 
are as follows :— 


WHEAT. 
| 
Relative efficiency of Relative efficiency of 
Varieties water requirement | Varieties water requirement 
Pusa 12 1-000 Pusa4 .. 1-101 
Cawnpore 13 ea 1-055 Pusa 52 .. ‘a 1-127 


{2) Cotton.—Having briefly discussed the relative water requirement 
of the different varieties of wheat, we now proceed to analyse whether such 
differences are also obtainable in other crops of economic importance. 
Cotton is selected as an interesting example. 


Most of the Indian cottons are rainy crops and the yield depends 
on the vagaries of the monsoon. The uneven distribution of the rain or its 
failure causes the agriculturist to irrigate the crops with canal or well. But 
the lack of knowledge of the exact amount of water required by the crop 
leads the cultivator in canal areas to supply water in greater amount than is 
actually required by it. The crop thus suffers not only from an excessive 
amount of water but usually from bad drainage also. In dry regions the 
crop receives insufficient water supply which tells upon its growth. Thus 
the problem for investigating the actual amount of water required by the 
crop becomes acute and demands enquiries into this field. 


On scrutinising the data (Table II) the inference is drawn that 
varieties of the same crop differ widely in their water requirement and is in 
accord with the experimental findings of Dillman‘ and Briggs and 
Shantz?. Out of the sixteen varieties of cotton under water requirement 
test, Cawnpore 520 proves to be the most efficient. Cotton CO 2 is equally 
good. The water requirement of this variety is 1-8 per cent more than that 
of Cawnpore 520. These strains are also superior in yield when compared to 
other varieties. Egyptian G. Berhadem, A 10 Karunganni, Liverpool 4 F. 
are least efficient in the use of water. They are 45 per cent less efficient 
than Cawnpore 520. 


This wide range in water requirement among the varieties of the same 
crop encourages the belief that strains which are still more efficient in the 
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ter TABLE II 
‘ Water requirement of different varieties of cotton 
rds 
Average water | Water require- 
Varieties | Maer in gms tame per | 
of 
Cawnpore 520 .. ..|Aug.10—| 48-48 16-6078 342415 
— Feb. 28 
CO 2 mas 99 48-24 16-8456 349+8 
Cawnpore ” 45-28 16-8821 37246 
Jalgaon N.R... ” 45-24 17-1267 37843 
Jalgaon BanilaNo.10 ..| 40-38. 16-1140 | 39944 
New Amer. Upland (Acala) 39-16 15-7158 40147 
ds Punjab Amer. 289F. 37-36 15-0015 40146 
Cawnpore 1031 ” 40-96 16-4478 40143 
Pp New Amer. Upland ” 37-12 15-3988 414+3 
is (Ahmersten) 
Burma 35-24 - | 14-9047 422+5 
1S Punjab Amer. 285 F. nd ” 33-04 14-3413 43444 
Punjab Amer. 4 F. 29-80 13-3085 | 44646 
t Sindh Deshi on os ” 38-74 16-4990 42547 
Liverpool4 F. .. 26-54 13-1030 493+5 
t A 10 Karunganni dad 26-78 13-2483 49444 
Egyptian G. (Berhadem).. 26-28 13-0933 49842 
Average .. ” 37-286 15-2800 418 
t use of water than those now grown in dry land regions may yet be evolved 
emphasising thereby the need for physiological experimentation in the 
2 selection of physiological characters for evolving suitable types as regards 
2 their efficiency in water requirement. 
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Representing the water requirement of Cawnpore 520 as 1, the values of 
other varieties arrange themselves according to the relative merits of each 
in the order given below :— 


CorTron. 
Relative effici- | Relative effici- 
Varieties ency of water Varieties : ency of water 
requirement requirement 
Cawnpore 520 oe ee 1-000 New American Upland 
(Ahmersten) .. os 1-210 
CC 2 ae 1-018 
Burma C 19 oo - 1-234 
Cawnpore 402 or es 1-087 
Punjab American 285 F. 1-268 
Jalgaon N.R. 1-105 
Punjab American 4F. .. 1-303 
Jalgaon Banila No. 10... 1-164 
Sindh Deshi 1-327 
New American Upland 
(Acala) .. 1-171 Liverpool 4F. .. os 1-440 
Punjab American 289 F. .. 1-172 A 10 Karunganni os 1-444 
Cawnpore 1031... ws 1-172 Egyptian G. (Berhadem) 1-454 


(3) Sugarcane.—The results obtained on the water requirement of various 
varieties of wheat and cotton are really encouraging and it suggested itself to 
us to test how far the remarks made during the course of our discussion in 
the previous pages hold good in case of money crops. Sugarcane is selected 
as one of the best examples not only on account of its wide distribution but 
also its economic value. Moreover, while the greater part of the sugarcane 
crop is produced under natural conditions, not an inconsiderable proportion 
is grown under irrigation. Further, the high expenditure under the item of 
irrigation for this crop requires investigation into the minimum water 
requirement of the crop. 

Twenty-one varieties in all are included in the water requirement tests. 
The data for the same are arranged in Table III in the order of decreasing 
dry matter yield. 

An examination of the data clearly shows that varieties of sugarcane 
differ more widely among themselves in their relative water requirements 
than those of cotton, emphasising once again that water requirement tests 
are an effective means to secure efficient varieties in this regard. The 
results go further to indicate that CO 205 is the most efficient of all the 
varieties under experimentation. The efficiency in the water requirement 
is found to be directly proportional to the yield in as much as the greatest 
efficiency also corresponds to the maximum yield. Further this variety be- 
ing a cross of S. spontaneum, it is natural to expect the quality of drought 
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TABLE III 
Water requirement of different varieties of sugarcane grown between 
April— January 1931 


< 4 5 Canes Total dry matter 
CO 205 .. 742°5 | 1430-5 180-0 242+4 125+3 
CO 281 675-0 | 1391-0 195-0 288+4 140+4 
CO 213 .. 797-5 | 1374-0 203-0 25445 147+2 
CO 331 856-0 | 1363-0 215-0 251+3 157+3 
CO 313 .. 755-5 | 1312-5 210-0 | 278+6 16045 
CO 334 .. 652-5 | 1258-5 217-0 33244 172+4 
CO 332 ., 735-5 | 1255-5 202-0 27448 159+2 
CO 298 .. 455-0 | 1163-5 155-0 340+3 133+3 
CO 310 .. 497-5 | 1136-0 152-0 33945 136+3 
CO 329 .. 914-5 | 1114-5 240-0 260+4 21444 
CO 320 .. 637-5 | 1051-5 198-0 31049 18843 
CO 312 .. 622-5 | 954-0 198-0 31845 207+2 
CO 330 661-0 | 899-0 223-0 33743 248+5 
CO 301 859-0 948-5 220-0 259+4 23244 
CO 290 . 878-0 | 934-5 250-0 284+6 267+4 
CO 300 .. 700-0 | 863-4 215-0 30747 249+3 
CO 299 .. 750:0 | 882-0 230-0 30643 260+5 
S. 48 452-5 | 758+5 160-0 35345 215+5 
Reori 575-0 | 693-0 206-0 35844 297+3 
Paunda (E.K.) 405-0 | 625-0 150-0 370+2 24046 
CO 214 .. 428-0 | 374°5 150-0 39944 350+7 

Average ..| 663-7 | 1044-6 191-1 305 215 
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resistance characteristic of the wild S. spontaneum to be conferred upon the 
hybrid cane. Next to CO 205 in order of efficiency is CO 331 which also 
takes the second rank in the relative yield values. In addition to being a 
high yielder, it is a tall erect growing cane of medium thickness with 
practically no mortality among its tillers, which may account for its econo- 
mic expenditure of water. CO 213, CO 301, and CO 329 which have third, 
fourth and fifth rank respectively in respect of this efficiency are high 
yielders. That efficiency in water requirement and high yield go hand in 
hand, the former being a surer criterion of the latter, finds further proof 
from our results of least efficiency and lowest yield obtained for certain 
canes. It is, for instance, seen that S. 48, Reori, and Paunda (E.K.) are the 
least efficient among all the varieties differing from one another only in 
degree. S. 48 is an exotic cane and is fast deteriorating. Moreover, on 
account of being a poor yielder and a thick cane it naturally shows a low 
efficiency as regards water requirement. Reori is a local thin variety and 
has a great tillering power, having thus more transpiring surface. In 
consequence, it loses more water in proportion to the dry matter produced. 
Paunda, on the other hand, is a thick variety having larger leaves and 
exposing more transpiring surface and thus loses more water in proportion 
to its dry matter. 

Taking the value of CO 205 as 1, the values for others arrange 
themselves in the order given below :— 


SUGARCANE. 

CO 205 1-000 CO 312 .. 1-652 
CO 281 ee oe 1-112 CO 330 .. es 1-971 
CO 213 1-172 CO 301 .. 1-828 
CO 331 da se 1-255 CO 290 .. ey 2-127 
co 313 ee re 1-271 CO 300 .. 1-971 
CO 334 es oe 1-370 CO 299 .. i 2-072 
CO 332 1-268 8. 48 1-704 
CO 298 1-098 Reori 2.362 
co 310 1-112 Paunda (E.K.) 1-907 
CO 329 oe pe 1-701 CO 214 .. a 2-763 
CO 320 ee 1-496 
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The variations in the results of the canes both in regard to efficiency of 
water as also for yield may broadly be explained on the basis of the 
following :— 


The Desi thin variety has a high tillering power and consequently 
larger surface resulting in the loss of a large quantity of water in comparison 
to dry matter produced, which on account of thinness and dwarfness of the 
cane is much less than either in the thick Paunda variety or medium 
cross-bred strains. 


The thick Paunda variety has large leaves, a larger leaf area and 
consequently the loss of water is higher in comparison to the dry matter 
produced. 


The medium cross-bred canes seem to be the most efficient on account | 
of their possessing both high yielding power and more reduced transpiring 
surface in contrast to the thin and thick canes respectively. 


- (4) Rice.—While wheat, cotton and sugarcane have been selected for 
study on account of their being both food and money crops, we might now 
analyse the data with respect to rice—a peculiar crop so far as its mode of 
growth is concerned. The peculiar notions held by the cultivators with 
respect to its high water requirement at all periods of its life cycle have led 
us to extend our enquiries into this direction. 


Rice is a crop normally grown in places of abundant water supply and 
relatively humid climate. Even the slightest deficiency in the moisture 
content of the soil leads to partial or total failure of the crop. But the 
findings of Briggs and Shantz! about the water requirement of this crop 
show that it is as efficient in the use of water as rye and thus requires 
further enquiries into its water requirement and the relative merits of 
different varieties for the use of water under the Indian climate. 


The experimental data indicate that there are small though significant 
variations in the water requirement of different varieties of rice as in the 
case of cotton. 


Out of nine varieties of rice under experimental test Kuari is shown to 
be the most efficient in the economic use of water perhaps due to its shortest 
period of growth. Kasturi seems to be more prodigal in as much as it uses 
water with least economy and yet covers the maximum period of growth in 
the life-cycle of all the varieties. Its water requirement is 60 per cent more 
than that of Kuari. Jilhore covers the same period of growth and its 
efficiency of transpiration is slightly lower than Kasturi. 
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TABLE IV 


Water requirement of different varietves of rice 


Variety Period of growth | & = 
#52) FER | Pee | see SEE 
-2| | | 234 
| < < 
Kuari Aug. 18 —Nov. 10 85 4-62 1-05 1-8258 395+5 1738 +55 
Badli Aug. 18—Dec. 1 106 8-78 2-18 4-1160 468+4 1888 + 42 
Jhengi Aug. 18—Nov. 24 99 8-36 2-50 3-9760 475+13 1590 + 25 
Karahni .. | Aug. 18—Nov. 24 99 6-24 1-50 3-2110 514+6 2140 +38 
Saro Aug. 18—Dec. 1 106 | 10-90 3-10 5-4508 500+3 1758 +33 
Karangi ..| Aug. 18—Dec. 1 106 | 6-33 | 1-64 | 3-1734 | 50247 | 1937+18 
Dehula Aug. 18—Nov. 24 99 4-79 1-10 2-5164 525+4 2287 +39 
Jilhore Aug. 18—Dec. 15 120 7-50 1-89 4-7314 630 +5 2503 + 62 
Kasturi ..]} Aug. 18—Dec. 15 120 7-62 1-92 4-8420 635 +5 2521443 
Average .. 7-21 1-775 3-7608 519 2040 


To compare the relative merits of each variety, the water requirement 
of Kuari is taken to be 1, those of other varieties are as follows :— 


RICE. 
as Relative efficiency of aca Relative efficiency of 
Varieties water requirement Varieties water requirement 
Kuari $a oe 1-000 Karangi .. 1-270 
Badli 1-185 Dehula 1-402 
Jhengi 1-203 Jilhore.. 1-596 
Karahni_.. 1-302 Kasturi 1-607 
Saro 1-264 


If the water requirement based on grain yield is taken into considera- 
Kasturi is again 


tion Jhengi tops the list in the efficiency of transpiration. 
the least efficient, 


Others retain their respective positions as indicated in 
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the water requirement column based on the total dry matter. The highest 
yield in Jhengi seems to be again correlated with its maximum efficiency in 
the use of water. The grain yield in this case is 30 per cent of the total dry 
matter produced. 

The results of the varietal water requirement of crops and their relative 
merits lead us to infer that the varieties have got significant differences 
among themselves as regards their use of water and only the most efficient 
ones should be adopted for curtailing the number of irrigations, the length of 
the life-cycle and for obtaining a higher produce. 


TABLE V 
Water requirement of different species of crop plants 


£ 
ES based on 
Crops and Period of growth st. 5 
“s oc 
SED Ees Total dry | Commercial 
S34 matter | products 
< < 
grain 
Barley Coane 225 . 13-890 3-600 8-376 601+6 2327 + 25 
Dec. 6— March 4 
Oats, local 16-250 6-000 10-988 67645 1830 +35 
Dec. 6—March 4 
Linseed 1150 S. 5-270 1-509 942+3 3290 + 36 
Dec. 6— ~March 4 
Mustard Sutton’s London white 5-670 1-550 2-968 523 +4 1915+ 48 
Dec. 6— March 4 
Pea local 12-690 3-440 7-770 612+4 179++52 
Dec. 6—March 4 
Wheat (Average) . 19 -236 6-382 7+828 408 1245 
Dec. 6—March 4 
Rice (Average) 7-210 1-775 3-760 519 2040 
Aug. 18—Nov. 24 
Potato Farukhabadi .. 15-550 5-317 8-460 54444 1573 + 56 
Dec. 6—March 4 (tubers) (tubers) 
Tobacco (Improved) .. 30-42 20-650 27-067 889 +6 1262 +62 
Feb. 1—June 12 (leaves) (leaves) 
Cotton (Av erage) 37-286 15-28 418 
' Aug 10—Feb. 28 
Sugarcane (Average) 1044-6 663-7 191-10 215 305 
April l—Jan. 31 (canes) (canes 
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B. Relative water requirement of different crops and their specific differences 


While the water requirement has been shown to differ from variety 
to variety within the same species, it was questioned whether there is any 
specificity in its values and whether the requirement for water differs from 
species to species as also from one genus to another. The need for the vary- 
ing amount of water required by different crops grown in these parts demands 
investigations into the relative water requirement of the most important 
commercial species specially of wheat, barley, oats, linseed, mustard, pea, 
rice, potato, cotton, sugarcane and tobacco. 


A critical study of the foregoing data (Table V) shows that sugarcane 
has the least water requirement for its development, while linseed has the 
highest, the ratio of their values being 1:4-371. This difference may be 
ascribed to the fact that sugarcane has got the highest yield whereas linseed 
is the lowest yielding crop. Tobacco stands the next least efficient crop as 
regards its water requirement because out of all the crops under experimen- 
tation it has the maximum leaf surface and its period of growth coincides 
with the hottest part of the year. The other crops which occupy inter- 
mediate course between these two extremes cover either the rainy season 
which comparatively reduces the transpirational loss of water because of the 
variations in the evaporating conditions of the three seasons. 


To consider the relative merits of these crops in this respect each crop 


is compared with sugarcane, taking its value asl. The resulting table is 
cited below :— 


Crop plants Relative oMciency plants Relative ciency 
Sugarcane .. 1-000 Barley... 2-788 
Wheat 1-894 Pea ‘is 2-841 
Cotton oe 1-941 Oats 3-135 
Potato oe 2-059 Tobacco .. ee 4-128 
Rice oe 2-410 Linseed .. 4.371 
Mustard... 2-427 


As regards the relative merits of thesecrops our results are mostly in 
agreement with those obtained in America by Briggs and Shantz‘ and in India 
by Leather®®. It may be noted, however, that the values of water 
requirement of different crops are necessarily lower in our case than those 
obtained by Leather who obtained his data from unsealed containers, the 
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validity of which may justifiably be questioned. Much of the value of this 
important contribution is lost due to this fundamental defect in the 
technique. 


C. Relation between water requirement and yield of different varieties 

To test whether water requirement of different varieties bears any 
relation to their respective yield, the average yields of different strains of 
cotton and sugarcane are obtained and plotted against their water 
requirement. 

An examination of Fig. 1 clearly brings into prominence the fact that 
there is a linear proportionality between the amount of water required and 
the total produce indicating thereby that the yield of the different varieties 
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Showing relation between Showing relation between Showing relation be- 
water requirement and yield water requirement and yield tween water requirement 
of different varieties of Sugar- of different varieties of and period of growth in 
cane. Cotton. varieties of Rice. 


is directly influenced by the water requirement and thus further emphasises 
the importance of the study of water requirement in the selection of high 
yielding strains. 


D. Influence of the length of the life-cycle on water requirement 

In the previous pages it has been clearly shown that water requirement 
of crops bears a relationship to the ultimate yield. We now proceed to 
determine whether the period of life-cycle has any relation to the water 
requirement or not. 

It is clear from Table IV that the length of the life-cycle has very great 
influence over the water requirement of the rice crop. The varieties being 
arranged according to the efficiency of their water requirement are auto- 
matically oriented in order of the number of days taken in the maturity of 
the crop. 
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If the water requirement is plotted against the length of the life-cycle 
of the different varieties, a linear correlation between the two is the out- 
come, showing thereby that water requirement of rice crop is determined by 
the relative length of the age cycle of the crop (Fig. 2). From the 
results it may be inferred that the efficient varieties seem to shorten their 
life-cycle in order to cut short the use of water toa minimum. Thus the 
shortening of the life-cycle may possibly be an adaptation to the environ- 
ment, resulting in drought-escaping varieties. But there are certain 
exceptions to this rule. Badli having as long a period of growth as 
Karangi is more efficient as regards its water requirement than the 
latter. This is, however, to be explained on the basis of the heavy yielding 
nature of this variety. Further Dehula when compared to Jhengi which 
takes the same number of days for maturity is found to require more 
water than the latter due apparently to its lower yield. Thus it further 


establishes that the yield seems to have a close relation with the water 
requirement. 


E. Water requirement of species in relation to their yield and life-cycle 

The correlation observed in the water requirement of varieties and their 
ultimate yield as also their relative length of the life-cycle suggested itself 
to us to extend our enquiries into the relation between these factors and the 
water requirement of different genera and species. The following table is 
cited to study how far the water requirement of different species are 
affected by the number of days in the life-cycle and the yield. 


Crop plants Yield in gm. 
Cotton (Gossypium) ., 418 37 205 
Rice (Oryza) .. - 519 7 102 
Tobacco (Nicotiana) .. 889 30 132 


The regularity in the proportionality between the water requirement of 
different genera and the length of the life-cycle goes to show that the 
number of days in the life-cycle does not decide the water requirement of 
genera as it does in the case of varieties. The foregoing data show that 
Gossypium which has a minimum water requirement covers the longest age 
span, while Oryza which has a medium water requirement covers the smallest 
period; and Nicotiana having the maximum water requirement has for its 
life-cycle the medium number of days. 
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If comparison is made between the yield and water requirement of 
these genera, it is noted that there is no definite relation between the two. 
Gossypium having the highest yield has the lowest water requirement while 
Oryza the lowest yielder keeps an intermediate position as regards the water 
requirement and Nicotiana having the highest water requirement possesses 
the medium yield. It may thus be inferred that neither the length of the 
life-cycle nor the yield controls the water requirement of the genera. 


F. Critical periods in the water requirement of crops 

Having dealt with the question of water requirement in relation to 
varieties, species and genera as also the ultimate yield and length of the 
life-cycle, we would now justifiably turn our attention towards a critical 
study of the period in which irrigation will have the maximum possibilities 
of both growth and yield. The enquiries are extended to a large number of 
crops and suggestions made on the basis of systematic experimentation. 

The problem of irrigation cannot be solved merely by gaining an idea 
as to the amount of water required by the plant but also by the exact time 
when they have the maximum water requirement and need for irrigation. 
It is only when such a reliable information is to be had that the cultivator 
will realise when and when not to irrigate his crops. 


In the determination of such critical periods the weekly transpirational 
loss of water for each crop is divided by the dry matter produced during 
that period. 

An examination of the data makes it clear that cotton has got two 
maxima or humps, one during the seedling stage, covering about twenty days 
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and the other during pre-flowering and flowering stages covering about 
thirty days (Figs. 4, 5, 6). In the case of rice, there are three well 
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marked periods of high water requirement—the first during the seedling stage 
covering a period of about ten days, the second during the pre-flowering 
and flowering stages covering about twenty-five days; and the third during 
the period when the grains are forming covering a space of five to seven 
days (Fig. 7). 


The last period of critical water requirement apparently extends over a 
small number of days. The cultivator must exercise his proper judgment 
to determine exactly this short-lived critical stage and must use all his 
resources to irrigate his crop at this opportune time. A failure in this 
direction may cost the cultivator a good percentage of the yield which could 
otherwise be obtained only by exercising a combination of proper judgment 
and prompt water supply. 


Tobacco has two maxima as regards its water requirement, the first 
during the seedling stage spread over a period of thirty-two days and the 
second during the pre-flowering and flowering stages extending over twenty- 
two days (Fig. 8). Thus the seedling, pre-flowering, flowering and grain 
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* Seedling; + Vegetative; ++ Flowering; Grain. 
formation stages in the life-cycle of a crop may be taken as critical periods 
when it should be adequately supplied with water for good yield. 


G. Absolute amount of irrigation required by crops 
in terms of gallons and acre-inches 
The evaporation from the soilis as necessary an evil as transpiration 
in the production of crops. For the exact amount of water required by a 
crop, therefore, a measure of both transpiration and the evaporation of water 
from the soil is essential. The amount of irrigation for a crop will not only 
be determined by the transpirational loss of water from the leaf surface but 
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should also take into account that water which finds its way into the 
atmosphere during evaporation from the soil. 


Transpiration from the plant and evaporation from the soil are 
measured throughout the entire life-cycle of the crops and calculated to an 
acre of land. The total amount of water lost per unit dry weight through- 
out the life-cycle being known, the water lost during transpiration per acre 
of land is calculated by computing the values per unit weight to the total 
dry matter production per acre of land. 


Like transpiration, the evaporation of water from soil contained in pots 
is also measured side by side with the experimental pots. Care is taken to 
replace the pots every time after weighing in between the plants growing in 
the field so that the evaporation from the soil contained in the metallic pot 
is under identical conditions as that obtained in the field. The area of the 
soil exposed to atmosphere in the pot being known, the evaporation is 
calculated per unit area of soil surface and finally to an acre of land. The 
soil used in pots is of practically similar texture and the saturation maintain- 
ed at the same moisture content as that in the soil. 


The amount of transpiration from the plant and evaporation from the 
soil per acre of land being actually known under as natural conditions of 
soil and atmosphere as possible, the total amount of water lost per acre of 
land is calculated and finally computed to give in absolute units the amount 
of water required to raise a crop. Such values, however, cannot always hold 
good for different localities or the same locality sometimes on account of the 
variations introduced by the soil heterogeneity, the moisture content of the 
soil, the intensity of atmospheric variables and in general upon the climate 
and soil of the particular locality. Considerable changes may also be 
introduced by the varietal and specific differences as also the manner in 
which the crops are being raised. Nevertheless with all such complications 
the values calculated and shown above help us to scientifically calculate 
the minimum amount of water required to raise a successful crop. This 
may hold good in general for localities possessing similar soil and atmospheric 
characteristics as that of Benares. For special scientific work, however, 
studies along similar lines may solve the difficulties in estimating the 
absolute amount of irrigation in particular tracts. 


An examination of the foregoing results (Table VI) makes it clear that 
wheat, barley, oats, linseed, pea, and mustard requiring even less than ten 
acre-inches of water may be profitably adopted for the dry farming areas 
provided the period of rainfall also coincides with the period of growth of 
these crops supplying thereby the required water. Cultivation of potato 
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TABLE VI 


The absolute amount of water required by crops per acre 


rops produced per| gallons by § gallons from Meg in acre- 
acre in lbs. | the crop per _ the soil per ae inches 
acre acre 

Cotton 4052-25 | 169590 -382 473771-743 643362-125 28-358 
Rice 4932-05 | 256345 -632 365904-128 622249-+732 27-425 
Tobacco 4524-96 | 403638-121 | 280913-565 | 683551-687 | 30-129 
Potato 8013-83 435968 -567 27583 -432 463551 -000 20-432 
Sugarcane 20594-12 444009-301 582146-324 | 1026155-625 45-230 
Wheat 4079-44 166645 - 234 27582-432 194226 -687 8-561 
Oats 2318-83 156753+5047 27582432 184335-932 8-125 
Barley 2664-01 150160-8172 27582-432 178142-25 7-852 
Linseed 1260-45 118798-3170 27582432 146380-75 6-452 
Pea 1652-95 101259-8790 27583 +432 128842+31 5-679 
Mustard 1357-73 71062-8170 27582- 432 98645 - 25 4-348 


which requires 20 acre-inches of water in such areas, should be undertaken 
with great care for successful results. The remaining crops may be grown 
in humid farms. 


On considering the conditions of areas round about Benares, however, 
which receive rainfall three months before the period of growth of the first 
group of crops, viz., wheat, barley, oats, linseed, peas and mustard, it 
seems unavoidable to suggest the actual number and exact time of irrigation 
for the individual crops on the basis of experimental results in order to 
minimise the cost of production. For other places in India, on the basis of 
the already obtained values of acre-inches of water required for a particular 
variety, it is recommended that due adjustments be made in accordance 
with the exact nature of the prevailing environic conditions obtaining in 
that particular locality. 


A judicious supply of rain water along proper lines may enable the 
agriculturist to grow cotton and rice in regions having a rainfall of 30 to 45 
inches without the need of extra irrigation. But it is only the uneven 
distribution of rain or its failure during’ the critical periods which presses 
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the need for irrigation in case of these crops. Any extra irrigation on the 
part of the cultivator should mean an addition to the cost of production. 

Tobacco which covers the spring and summer seasons gets generally a 
rainfall of three to five inches during the period of its life-cycle. The 
balance should therefore be met with nine irrigations, each consisting of 
three acre-inches of water. The crop in nursery for six weeks would require 
watering on alternate days covering about three acre-inches of water. The 
next ten weeks in the permanent field may need five irrigations, each at an 
interval of two weeks. The last three weeks covering the pre-flowering and 
flowering stages should receive three waterings. 


Potato covering ninety days of winter season may require 20 inches of 
water spread over seven irrigations ; two during the pre-flowering and flower- 
ing stages at an interval of seven days and the remaining five at an 
interval of fifteen days in the life-cycle. 

The use of water bearing the biggest item in the cost of production of 
sugarcane—a crop having a long life-cycle and growing throughout the 
hottest part of the year, requires great attention and administration 
of water. This crop may be irrigated four times at an interval of 
twenty days upto the break of monsoon and once towards the end of 
November depending upon the maturity period and sucrose content. These 
five irrigations include fifteen acre-inches of water. The remaining thirty 
inches are supplied by the rains from June to October. 

The number of irrigations for the rest of the crops which are the rabi 
ones may vary from one to three. Provided there is a shower of rain during 
the vegetative period of these crops, wheat, barley, oats and linseed may be 
watered once in the seedling stage and again during the pre-flowering period. 
Mustard and pea may do well even with one irrigation of three acre-inches 
just at the pre-flowering stage, if they get a shower of rain during their 
early development. 

These are the minimum water requirements of the crops under investiga- 
tion. Any deficiency in water during the period suggested is likely to te/ 
upon the growth of the crop and extra amount of irrigation may prove | 
profitable to the cultivator. 

We have briefly touched upon the salient points with respect to the 
problem of water requirement in its various aspects and have endeavoured 
to show how studies along the lines indicated are suggestive of results of 
both practical and scientific value. So far as the latter aspect of the 
problem is concerned, only occasional references have been made mainly 
with a view to simplify our outlook and avoid such complications in the 


vater 
re- 
es 
58 
29 
32 
30 
31 
52 
52 
19 
18 
own 
ver, 
first 
tion 
to 
s of : 
ular 
ince 
in 
the 
45 
ven 
sses 


492 B. N. Singh and others 


interpretations as are necessary for a purely scientific treatment of the 
subject. 


The conclusions mentioned herein being of direct practical importance 
in localities round about Benares as well as other distant places in India, 
where slight variation in degree but not in fundamentals may be noticed as a 
result of climatic heterogeneity, deserve due attention. To the scientific 
agriculturist studies along these lines would aid in a judicious selection of 
high yielding varieties as also in the evolution of drought-resistant crop 
plants, while to the cultivator it would aid in giving the best crop with the 
least expenditure of money and labour in so far as irrigation is concerned. 
The foregoing discussions, therefore, deserve due consideration from both 
the scientific agriculturists and the cultivators as also those interested in 
crop production and crop improvement. 


4. Summary and Conclusions 


The paper deals with the water requirement of fifty-seven different 
species and varieties of crop plants grown at the Experimental Station of 
the Institute of Agricultural Research, Benares Hindu University. In the 
course of experimentation extending throughout the life-cycle of each crop, 
the water transpired by the plants and the dry matter produced are 
simultaneously measured from hour to hour. The total water transpired 
is divided by the dry weight produced to give the water requirement of 


crops under investigation. The results obtained are given in a summary 
table below :— 


Varietal | Specific 


: water water 
Crop plants require- | require- 
ment ment 


Wheat Pusa 4 420 
Pusa 12 
Cawnpore 13 (bearded) 
Pusa 52 
Barley Cawnpore 255 
Oats (local selection) 
Linseed (1150 S) 


Mustard (var. London white) 


Pea (Cawnpore local) o ee 612 612 
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| Varietal | Specific 
Crop plants 
ment ment 
Rice Kuari 395 

Badali 468 
Jhengi 475 
Karahni 514 

Saro 500 + 519 
Karangi 502 
Dehula 554 
Jilhore 630 
Kasturi 635 

Cotton Cawnpore 520 342 |) 

CO 2 oe 349 
Cawnpore 402 372 
Jalgaon N.R. 378 
Jalgaon Banila 10 .. 399 
New Amer, Upland 401 
Punjab Amer, 289 F, 401 
Cawnpore 1031 a 401 

418 
New Amer. Upland 414 
Burma C. 19 422 
Punjab Amer, 285 F. 434 
Punjab Amer, 4 F. 446 
Sindh Deshi 449 
Liverpool 4 F. 493 
A110 Karunganni .. 499 
Egyptian G. Berhadem 498 

Potato Farukhabad nA 544 544 

Tobacco improved .. 889 889 
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Varietal | Specific 
Crop plants 
ment ment 
Sugarcane: 

CO 205 125 |) 

CO 281 140 

CO 213° ° 147 

CO 331 ee os 157 

CO 313 160 

CO 334 ks 172 

CO 332 oe oe oe 159 

CO 298 133 

CO 310 ee 136 

CO 329 214 

CO 320 oe ee os 188 6.215 
CO 312 oe 207 

CO 330 248 

Co 301 bs 232 

CO 290 oe ee in 267 

CO 300 249 

CO 299 260 

CO 214 oe 350 

S. 48 ee oe 215 

Paunda (E.K.) .. 240 


The following conclusions are the outcome of the present enquiry :— 

1. The amount of water required seems to control the yield of the 
varieties showing thereby its use in the selection of high yielding strains. 

2. The length of the life-cycle in general exercises great influence 
over the water requirement of varieties. In the most efficient varieties the 
life-cycle seems to be cut short and the use of water reduced to a minimum. 

3. Different varieties of the same crop show appreciable differences as 
regards their water requirement and the most efficient ones due to their 
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generally high yielding nature and short life-cycle should be adopted to 
curtail the number of irrigations and thereby to minimise the cost of 
production. 


4, The minimum amount of water required by the crops per acre both 
for transpiration and soil evaporation varies greatly with different crops. 
Sugarcane requires 45 acre-inches, tobacco 30-1, cotton 28-3, rice 27-4, potato 
20-4, wheat 8-5, oats 8-1, barley 7-8, linseed 6-4, pea 5-6, mustard 4-34 
acre-inches of water for the whole life-cycle. 


The seedling, pre-flowering, flowering and seed formation stages are the 
critical periods when the plants have the highest water requirement in their 
life-cycle and when they should be adequately irrigated if there is lack of 
moisture in the soil. 
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EXPLANATORY NOTES TO PLATES 


Fig. 9.—General view of the sugarcane crop showing comparative growth under field 
conditions and in pot culture. 

Fig. 10.--General view of sugarcane crop grown in pots amidst those growing in the 
field, showing arrangement of burying pots, containers, and device for 
taking soil temperature at different depths, 

Fic. 11.—Sealed containers showing the device for getting over the cracks caused by 
tillers shown in one of the containers. 

Fic. 12.—A closer view of the general arrangement of experimental plants in between 
the field crop. One of the potted plants is shown after being dug 
out of soil. General arrangement for recording observations is also shown. 

Fig. 13.—The comparative growth in potted and field crop. 

Fic. 14.—General view of the experimental plants and the instruments used for 
taking weather records and measuring transpiration and evaporation, 
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7. Investigational Issues 


THAT optimum requisites for germination are not always to be met 
with under natural conditions where any one of the external factors— 
moisture supply, oxygen concentration and temperature—may, indivi- 
dually or collectively, retard germination either for an excess or want of 
such factors, is a matter of common experience in agricultural practice, 
Thus in some cases seeds may be thrown deep into the soil where the 
availability of water may be optimum but the other two factors, oxygen 
concentration and temperature, be limiting. In other cases, seeds may be 
receiving optimum supply of oxygen on the soil surface with sufficient or 
insufficient quantity of water while the temperature may be either too high 
or too low to induce favourable germination. In yet other cases seeds may 
be water-logged and thereby be deprived of adequate aeration. The 
absorption of water and the stimulation of the dormant embryo into active 
seedlings is thus greatly governed by the influence of external variables, 
the chief amongst which are oxygen concentration, water supply and 
temperature, a clear yet precise knowledge of which can only be gained by 
studying under control conditions the influence of the interaction of these 
factors on the water absorption and germination of seeds. 


The first systematic work conducted along this line is that of Brown 
and Worley? followed by those of Shull and Shull5 and Brown and Tincker! 
and a critical review of the literature shows that the absorption of water 


* Contributions from the Institute of Agricultural Research, Benares Hindu 
University. 
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hitherto measured has seldom been attempted under optimum conditions of 
germination, for the method of immersion of seeds in water so commonly 
adopted provides more or less O,-limited conditions for germination. More- 
over, the observations recorded at longer intervals fail to give a clear 
picture of the drift in the rate of absorption from hour to hour. 


The investigations to be reported in the present communication are 
designed in the light of the above remarks to investigate in the main the 
rate of water entry in a population of agricultural seeds, consisting of as 
many as thirteen varieties differing both in structure and biochemic consti- 
tution, under varying combinations of the external variables—water 
supply, O2 availability and temperature—and thus aim to gain a more 
critical knowledge of the response exhibited by the seeds under different 
combinations of conditioning factors. In all, absorption of water has 
been studied under one-hundred-and-fifty-six combinations of external 
variables and observations at regular intervals under each set recorded 
till a period of hundred hours or less according to the nature of each 
experiment. 

2. Experimentation 

The method inits essentials includes the germination of seeds at 
different temperatures, under three distinct gradations of moisture supply 
and aeration. In the first group, seeds are completely immersed where 
aeration is least ; in the second, they are kept just on the surface of water 
where greater aeration is but to be expected; and in the third, seeds are 
supplied with atmospheric humidity alone, providing thereby maximum 
aeration. ‘The seeds so treated are weighed out at regular intervals, and 
absorption at a particular period calculated in terms of percentage weight 
of air-dry seeds. 


The desired temperatures are maintained by a Lawrie’s electrically 
stirred gas heated thermostat. Absorption at four specific temperatures of 
30°, 35°, 40° and 45° C. only is studied. The need for a knowledge of tem- 
perature-absorption relationship at such higher temperatures is evinced as 
in these sub-tropical regions unlike those in the temperate ones, the 
seedlings and plants are adapted to relatively high temperatures of soil and 
atmosphere rather than lower ones. Absorption study under comparatively 
high temperatures is considered more fruitful since most of the related 
work of the American and English investigators is confined to temperatures 
usually below 30°C. No necessity is felt to go above a maximum of 45°C, 
as experiments conducted in this direction soon revealed that any tempera- 
ture beyond this, instead of awakening the dormant seeds, brings about the 
death of the embryo. 
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Chambers of a special type made of hard resistant glass are used for 
germination. Each chamber consists of three shelves within, one above the 
other arranged at equal distances, each of which being made of paraffined 
copper wire cage and covered on all sides with waxed muslin nettings to 
hold the seeds. Inthe uppermost stage lying exposed to humid air alone 
the seeds are uniformly spread hy just depressing the shelf to form a cup- 
like structure. In the middle stage lying just on the water surface 
additional arrangements are made to keep the seeds exposed to free air but 
always moistened with water by covering them with a moist filter paper 
one end of which continuously dips into water. Seeds in the lowermost 
shelf are enclosed in muslin and kept tied in position. After introduc- 
ing the cage in the absorption chamber the latter is filled upto the 
middle shelf with distilled water in such a way that water level merely 
moistened the seeds but did not immerse them. The mouth of the 
absorption chamber is then closed by means of a cork perforated to 
allow restricted yet free diffusion of air and moisture in and out of the 
chambers. 


Only pure strain seeds of agricultural importance are selected for 
experimentation, special attention being paid to their biochemic constitution. 
Triticum vulgare, Oryza sativa, Zea mays, Panicum indicum and Pennisetum 
typhoideum are selected as representatives of the starchy groups, while 
Cicer arietinum, Crotularia juncea, Cajanus indicus and Phaseolus mungo 
(var. radiatus and glavar) exemplifying proteinaceous nature besides 
Gossypium herbaceum, Linum usitatissimum and Sesamum indicum, 
examples of oily seeds have been selected to represent proteinaceous 
and fatty biochemic constitution. For experimental purposes, the seeds 
are first selected not by shaking them in water and skimming off the 
floating ones according to the method followed by ‘Tang’? as some 
moisture naturally gets absorbed during such a treatment, but by selecting 
only such seeds as are of uniform size, weight and relative density. 

The selected seeds are put in known numbers, on each shelf, and 
allowed to germinate under different temperatures at three different grades 
of moisture supply and aeration. At regular intervals the cage is carefully 
pulled out of the bath, the seeds taken out, superficial moisture carefully 
wiped off, and their weight estimated on a chemical balance. Such observa- 
tions are continued till germination is complete or till such a time as is 
necessitated by the nature of the experiment. In some cases a maximum 
limit of hundred hours has been reached but the continuance of each 


experiment was mostly governed by the nature of absorption and the 
characteristics of germination. 
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3. Experimental Findings 


A systematic survey of the data of percentage water absorption 
in different seeds at varying temperatures graphically represented in Figs. 
1-13 reveals the fact that the absorption under varying conditions of 
water supply and aeration at the four distinct temperatures, from 
hour to hour, is rather irregular in different cases. Such specific differ- 
ences in the absorption rate are but to be expected as the seed is some- 
thing more than a dry colloidal material absorbing water like a piece of 
gelatine, consisting as it does of the seed coat, the endosperm, the cotyledons 
and the embryo, each of which may have different rates of absorption 
depending upon the structural characteristics and composition. The age of 
the seed after fertilisation, its period of contact with the parents for 
nourishment, the environic conditions at the time of its development and 
the storage conditions should likewise determine the variation from seed to 
seed. Further the seed coat may have localised areas of different perme- 
ability and the question whether water enters through the micropyle 
or through the general surface of the seed, complicates the process. 
Thus the absorption of water in absolute units is subject to variations 
depending to a large extent upon the specificity of the seed material and the 
treatments to which it is subjected. 

But inspite of such individual variations so commonly observed, a 
careful study of the data (Figs. 1-13) brings to prominence the fact that 
the curves in general are recognisable into two more or less definite phases. 
In the first phase, usually preceding germination, the gain in weight of seeds 
or for the matter of that, the percentage water absorption becomes a direct 
function of the increase in time. Sooner or later this ascending phase merges 
into a secondary phase made evident immediately after the bursting of the 
seed coat. The progress of the curve at first is markedly rapid and steep 
whereas with the march of time the transference of the ascending phase into 
a more or less stationary horizontal one becomes soon evident after germina- 
tion. The rate of water intake is thus rapid to start with when the seeds 
are comparatively dry whereas with the increase in its percentage water 
content the rate gradually dwindles until a time when absorption becomes 
negligible when the seeds are also fully saturated with water. The curves in 
general make evident the fact that the rate of intake is directly proportional 
to the dryness of the seed or is inversely proportional to its fullness (cf. 
Brown and Tincker!). 

With a view to analyse the data further, the observations recorded 
have been considered under three main groups in the subsequent treatment 
of the subject : A—The temperature-absorption behaviour of seeds completely 
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immersed in water under limiting conditions of oxygen ; B—The temperature- 
absorption characteristics of seeds exposed to optimal concentrations of 
both water and oxygen; and C--The temperature-absorption relation of 
seeds at optimum oxygen concentration but with water supplied in the 
moisture form. ‘These main groups are divided into sub-groups each being 
characterised by absorption behaviour in seeds of varying structure and 
biochemic constitution. The rates of water absorption in different sets are 
represented in graphic form only, each figure being composed of separate 
curves indicating the percentage water absorption at different temperatures 
under three distinct environments of aeration and water supply ; and finally, 
the data at hand are examined for studying the relation, if any, that germi- 
nation may have with water absorption in the above light. 


A.—Temperature-absorption behaviour of seeds completely immersed in 
water under limiting conditions of oxygen 


Starchy seeds—An inspection of the general nature of the curves for 
starchy seeds (Figs. 1-5) brings to prominence the fact that the higher the 
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Showing temperature-absorption relation in regard to starchy seeds (Wheat) during 
germination * .A—in atmospheric humidity and O, concentration ; B—on wet filter paper 
at atmospheric O, concentration ; and C—with O, limiting under completely immersed 
conditions in water. 


temperature the steeper is the rise. The absorption of water during the ascend- 
ing phase at any particular time seems to be proportional to temperature 
but such a behaviour as we shall subsequently make clear, does not hold 
good for the secondary phase. In the first phase of the absorption curves 
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Showing temperature-absorption characteristics in starchy seeds (Paddy) during 
germination: A—in atmospheric O, and humidity: B—at atmospheric oxygen 
concentrations and on wet filter paper with water not limiting ; and C—under completely 
immersed conditions in water but with limiting oxygen. 
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Showing temperature-absorption characteristics in starchy seeds (Wheat) during 
germination: A—in atmospheric humidity and oxygen concentration; B—on wet filter 


‘paper receiving continuous supply of water and at atmospheric oxygen pressure ; 


and C—under completely immersed conditions in water with oxygen supply limiting. 


such a behaviour can well be marked although the magnitude of difference 
sometimes shows aberrations. ‘Thus in the case of Pennisetum, although the 
general course is the same as that mentioned previously, the relative difference 
in each of the temperatures is practically negligible. The variations in the 
case of Zea mays and Oryza though noticeable, are not so sharp as in Triticum 
where absorption follows directly the rise in temperature. Upto the fourth 
hour this direct proportionality is maintained but subsequently a small 
variation is found to occur in seeds exposed to 45° C. The saturation 
point thus reaches a distinctly higher level at higher temperatures in 
Triticum in marked contrast to other starchy seeds. This is probably 
due to the starchy-proteinaceous nature of wheat grains in contrast to 
the purely starchy seeds of rice, maize, etc. 
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Showing temperature-absorption relation in germinating starchy seeds (Panicum 
sp.): A—in atmospheric humidity and oxygen concentration ; B—on wet filter paper 
receiving continuous water supply and atmospheric oxygen pressure; and C—under 
completely immersed conditions in water with oxygen supply limiting. 


On examining the secondary phase it is to be remarked that this is 
characterised by the horizontal nature of the curves which in some cases 
show a secondary rise. A closer study of the curves brings out that the 
temperature increase does induce certain well-marked variations in certain 
cases although such differences are not to be observed in others. Thus in 
case of Triticum and Oryza, in contrast to Zea mays, Pennisetum, etc., the 
absorption values at first exhibit a fall with rise in temperature at any 
period of observation followed by a secondary well-marked rise at 40°C. 
preceding a characteristic decline at still higher temperatures. In general, 
however, in contrast to the curves obtained for medium temperatures of 
30-35°C. which are characterised by slow yet steady rise in absorption followed 
by a level phase, the curves at higher temperatures shoot up with greater rapi- 
dity (wheat). This high rate of absorption is not maintained for a long time and 
sooner or later takes a downhill course, or in other words the time-factor sets 
inearlier. The angular precipitous fall with a break in the curves at higher 
temperatures, in contrast to the gradual rounding of the curves for medium 
temperatures, emphasises the adverse effect of high temperature leading to 
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Showing temperature-assimilation characteristics in germinating starchy seeds 
Pennisetum typhoideum) : A—in atmospheric humidity and oxygen concentration ; B— 
on wet filter paper with optimal supply of water and oxygen: and C—under completely 
immersed conditions of water but with oxygen supply limiting. 


the arrest of developmental and formative activity inside the seed as also 
culminating in the irreversible coagulation of the colloidal complex of the 
protoplasm which instead of absorbing any further may tend to give out the 
already absorbed water besides checking absorption altogether. The loss in 
weight can also be ascribed to intense respiration but this does not seem 
to hold good exclusively as conditions favouring normal respiration are not 
to be met with under complete immersion. The high temperature may 
also affect to a very great extent the semi-permeable nature of the seed 
coat but the partial or total loss of this important property cannot be 


substantiated in different cases in the light of our observations above 
recorded. 


Oily seeds—The general tendency of an abrupt initial increase in the 
absorption rate with temperature as was observed for starchy seeds is to be 
noticed in seeds of this class as well (Figs. 6-8). Linseed (L. usitatissimum) 
is singled out as a peculiar instance in which the magnitude of absorption is 
highest and the final loss in weight most markedly found to be present even 


under medium temperatures. This uncommon behaviour of linseed may be 
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Showing temperature-assimilation relation in germinating seeds of the fatty group 
(Cotton): A—in atmospheric humidity and oxygen concentration; B—on wet filter 
paper with optimal supply of both water and oxygen; and C—allowed to germinate 
under completely immersed conditions of water but with oxygen supply limiting. 


explained by assuming that initially due to the mucilaginous covering, the 
seeds are able to absorb enormous quantity of water resulting in a 
sudden rise, but with time the mucilage subsequently dissolves in the 
surrounding water bringing thereby a loss in weight. 


In contradistinction to the starchy seeds, the saturation limit in 
this case indicates a higher magnitude for all temperatures, inducing 
thereby a relative increase in the maximum water-holding capacity of seeds 
more specially at higher temperatures. It is further interesting to note that 
in none of the three oily seeds experimented upon, a secondary rise of the 
type observed for starchy seeds, is to be met with. Other conditions being 
similar, why should then a change in the material complex of the seed tend 
to bring about a relative fall in the absorption value? It is well known 
that in contrast to starchy and proteinaceous seeds, for the function of 
respiration, the fatty seeds require relatively larger quantities of oxygen 
but since the QO, dissolved in water is only in limited quantity, absorption 
and subsequent germination become O,-limited. The absorption in conse- 
quence fails to exhibit a characteristic secondary phase as observed in 
case of starchy seeds. 
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Showing temperature-assimilation relation in germinating seeds of the fatty group, 
Linseed (Flax): A—in atmospheric humidity and oxygen concentration ; B~on wet filter 
paper with optimal supply of both water and oxygen; and C—under completely 
immersed conditions of water but with oxygen supply limiting. 


The view above expressed finds further support from the work of 
Harrington* who, while confirming the work of Godlewski,? was.able to 
demonstrate that during the germination of fatty seeds, respiratory quotient 
continuously falls indicating thereby that enormous amount of oxygen 
is needed for a successful secondary phase. This author further goes 
to opine that respiratory quotient only starts falling after the swelling 
of the seed has proceeded to a certain extent. It would indicate that 
at the very initial stage there is lesser oxygen requirement, and 
hence whatever quantity of oxygen is present in dissolved state is 
able to meet the requirement of the respiration of seeds. Therefore, 
during the early stage in linseed, absorption must follow at 
a sufficiently high rate. Coming to more or less similar conclusions, Stiles® 
has emphasised that during the initial stage of germination of oily seeds, 
the respiratory quotient is higher. This, the author explains by assuming 
that in initial stage the presence of testa surrounding the seed acts as a 
barrier to free diffusion of gases with the result that free entry of oxygen is 
hindered, introducing thereby anzrobiosis. So far as anerobic respiration 
is concerned, free oxygen in the environment is not needed. Thus, lack of 
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Fig. 8. 


Showing temperature-absorption relation in seeds belonging to fatty group, Sesamum 
indicum: A—in atmospheric humidity and oxygen concentration ; B—on wet filter paper 
with optimal supply of both water and oxygen; and C—seeds allowed to germinate 
under completely immersed conditions of water but with oxygen supply limiting. 


oxygen in immersed seeds does not seem to retard absorption in the initial 
stage but subsequently as the coat becomes more and more permeable, 
eerobic respiration is initiated. It is at this stage that the seeds meet with 
an insufficiency of oxygen due to immersion resulting in a fall in the absorp- 
tion of water as well. On the other hand, those of the oily seeds that are 
provided with proper air relation during this interval show a vigorous rise in 
absorption. 


Proteinaceous seeds—Coming now to a consideration of proteinaceous 
seeds, an examination of the curves belonging to this group reveals that the 
general behaviour of water absorption finds a variation even in this group 
from seed to seed (Figs. 9—13). In Phaseolus mungo (var. glavar), Cajanus 
indicus and Phaseolus mungo (var. radiatus) the low temperature curves 
give an impression of a continual rising phase. In striking contrast to the 
first two classes of seeds, the temperature-absorption relationship in 
P. mungo (var. glavar) does not follow the sequence of temperature but, on the 
other hand, shows lower absorption at higher temperatures than at the 
medium ones (30° and 35° C.). The other feature of interest is that the level 
phase is teached sooner in proteinaceous seeds and the higher the 
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Showing temperature-absorption relation in seeds belonging to proteinaceous group, 
Gram : A—seeds allowed to germinate in atmospheric humidity and oxygen concentra- 
tion; B—on wet filter paper receiving optimal supply of both water and oxygen ; and C— 


seeds kept in excess of water under completely immersed conditions but with oxygen 
supply limiting. 


temperature the earlier is this phase attained. These are points which 


stand in direct contrast to both starchy and fatty seeds and have to be borne 


in mind while drawing generalisation on the comparative characteristics of 
the three classes of seeds. The more probable argument that can be 
advanced to explain the lower initial value at higher temperatures and a 
successful rising phase at medium temperatures, is that these seeds are 
adapted to relatively low oxygen requirements and that with suitable 
temperatures even under immersed condition the secondary changes show a 
successful sequence in the seed. It is possibly due to this that no separate 
saturation point is to be noted but a continual rising phase is only observed. 
The characteristic fall in certain cases at higher temperatures can only be 
attributed to the probable dissolution of food materials. 


B—Temperature-absorption characteristics of seeds exposed to optimal 
concentrations of both water and oxygen 

Having studied the absorption behaviour of different classes of seeds 
subjected to immersed condition, we pass on to the analysis of our data 
obtained for the same three groups of seeds when provided with optimal 
supply of oxygen and water on the middle shelf, While in the previous 
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Depicting temperature-absorption relation in germinating seeds of proteinaceous 
group, Crotolaria juncea: A—exposed to atmospheric humidity and oxygen concentration; 
B—placed on wet filter paper under optimal conditions of water and oxygen supply ; and 


C—seeds kept in excess of water under completely immersed conditions but with oxygen 
supply limiting. 


experiments seeds are experimented under completely immersed condition 
devoid of free oxygen, in the present case they are arranged on filter paper 


continuously receiving water by capillary action yet exposed to normal 
‘concentrations of atmospheric oxygen. 


It may be recalled that seeds subjected to the previous environmental 
conditions, after an initial rapid rise of absorption sooner or later attained 
a level phase. In contrast to this, the seeds under the new environments 
at medium temperatures, at any rate show, in general, an abrupt rise which, 
without merging into a level phase, continues to rise till the end. This 
would naturally give an impression that initial absorption phase has been 
extended over a longer time-limit, and that the saturation limit does not 
reach within the period of observation. Under medium temperatures and 
with adequate supply of both oxygen and water, seeds commence their 
developmental phase which apparently merges into the initial absorption 
phase. It cannot, however, be denied that absorption under proper 
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Giving temperature-absorption relation in germinating seeds of the proteinaceous 
group, Cajanus indicus : A—exposed to atmospheric humidity and oxygen pressure; B— 
seeds placed on wet filter paper receiving optimal concentration of oxygen and water 
supply; and C—seeds supplied with excess of water under completely immersed condi- 
tions but with restricted supply of oxygen. : 


aeration conditions, is considerably higher than when seeds are completely 
immersed in water when they are deprived of this advantage. The 
absorption in the later stages under these suitable temperatures (30° and 
35° C.) cannot be said to represent the rapid absorption rate as observed 
during the primary phase, as by this time a series of changes of the nature 
of vacuolisation of cells, an increase in the absorbing surface due to the 
emerging of radicles, must of necessity take place. Thus this portion of 
the absorption curve includes the partial growth or developmental phase. 
This indicates a rapid increase in fresh weight although the dry weight 
is continuously decreasing due to depletion of food reserves for providing 
respiration and the building of meristematic tissues. 


Starchy seeds—On examining the behaviour of starchy seeds under 
the changed environment we notice that in certain respects distinct 
variations are to be met with in this class. The main difference lies in 
the extent to which absorption takes place in the seed, Panicum and 
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Indicating temperature-absorption relation in germinating seeds of proteinaceous 
group, Phaseolus sp.: A—exposed to atmospheric humidity and oxygen pressure; 
B—seeds placed on wet filter paper receiving optimal concentration of oxygen and water 
supply ; and C—seeds supplied with excess of water under completely immersed condi- 
tions but with oxygen supply limiting. 


Pennisetum show maximum absorption while Oryza the least. This 
relatively low absorption for paddy cannot but be traced to its thick 
seed coat, while the comparatively high absorption in the two small cereals 
does not present any satisfactory solution, the only explanation that can 
be offered is that these two seeds steal a march over others because of 
their smallness of size in so far as absorption is concerned. 


Another interesting feature appears to be the higher absorption 
during the secondary phase at 30°C. in some, and at 35°C. in others. 
The evident cause of such behaviour is that in summer crops the 
germination temperature is higher than in winter-sown crops, that is why 
in wheat greater absorption is observed at 30° C. while in others at 35° C. 
Unlike those of the previous group, only wheat, out of all the rest, shows a 
fall in the absorption curve at higher temperatures. The probable view 
that can be advanced is that after the initial absorption the seed becomes 
more susceptible to high temperature effects, the activated protoplasm of 
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Illustrating temperature-absorption relation in germinating seeds belonging to the 
proteinaceous group, Phaseolus: A—exposed to atmospheric humidity but at full 
atmospheric oxygen pressure; B—seeds placed on wet filter paper receiving optimal 
concentration of oxygen and water; and C—seeds supplied with excess of water under 
completely immersed conditions but with oxygen supply limiting. 


the absorbing seed gets irreversibly coagulated and the seed thereby becomes 
incapable of holding even its own moisture content. 

Vet another feature worthy of note is that the loss in weight does not 
occur at the early stages but only when the seed has absorbed the maximum 
amount of water initially. It would thus indicate that death of seeds due 
to lethal temperatures ensues only when it has absorbed a certain minimum 
percentage of moisture, characteristic of that class of seed and not 
otherwise. 

Oily seeds—Having examined the behaviour of starchy seeds in regard 
to their absorption when placed under more natural conditions, we now turn 
to examine the behaviour of oily seeds with a view to test whether a change 
in the material substratum has anything to do with the extent of absorption 
at various temperatures. 

On a review of Figs. 6-8, it will be made out that under medium 
temperatures (30° and 35°C.) a more abrupt rise in absorption results and 
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this rise continues till the end of the secondary phase, the magnitude of 
absorption surpassing that of the starchy seeds under exactly similar 
conditions. But at higher temperatures (40° and 45°C.), although the 
initial rise is more than at medium ones, a more steep and sudden fall 
occurs prior to the initiation of the secondary phase. A peculiar phenomenon 
is noticed in the case of linseed at 45°C. in as much as like its behaviour 
under immersed condition, the initial rise under the new environment is of 
greater magnitude, not observed so far in any other group, to be subse- 
quently followed by an abrupt fall (loss in weight). This extreme irregularity 
in this case may possibly be due to the existence of the mucilaginous 
envelope over the seed which, as soon as it receives moisture at this high 
temperature of 45°C., is able to absorb enormous amounts resulting in an 
abrupt rise, but on reaching the saturation limit it is no longer able to hold 
the already absorbed moisture. Later, as soon as this process of diffusing 
out has gone in advance to a certain extent, further absorption of water is 
resumed. This process of absorption continues resulting in continuous 
ups and downs throughout the course of absorption curve. In Sesamum 
indicum a fall is indicated during the secondary phase even at a temperature 
of 35°C. 

Proteinaceous seeds—In contrast to the previous two classes, the 
proteinaceous seeds behave rather differently under exactly similar conditions, 
When exposed to normal water supply and aeration they show a continuous 
rising phase even at a temperature as high as 40°C. This is unusual, for in 
other cases generally at this temperature and the same favourable conditions 
of air and water, the seeds display an initial high absorption accompanied 
by a continued level phase or a definite fall in the later regions. This 
continued high absorption shows that seeds of this class can endure 
high temperature and hence allow of a secondary successful phase without 
much deleterious effect due to high temperature. This goes to reaffirm that 
the normal function of the seed continues unhampered at a temperature of 
40°C. in these regions. 

C.—Temperature-absorption relation of seeds at optimum oxygen concen- 
tration but with water supplied in moisture form 

The experiments belonging to this group are the ones conducted under 
optimal conditions of oxygen but otherwise deficient water supply. It should 
be of interest to note whether under these humid conditions of atmosphere, 
it is the material substratum of the seed or its structural constitution that 
determines in the main its absorbing faculty. 

An examination of curves of this group (Figs. 1-13) reveals that 
absorption by the seed is the least and occurs in varying degrees under 
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conditions of atmospheric moisture. Although no saturation limit is reached, 
as is made out clearly from a comparison of absorption curves under the two 
preceding series of experiments, an ingress of moisture does occur in seeds 
under this series. The extent of absorption varies from seed to seed and the 
time interval for a corresponding rise of absorption in the preceding series is 
considerably increased. In contrast to the preceding series, a higher 
temperature usually does not appear to initiate a greater absorption rate 
even initially during the primary phase. The question of secondary phase 
preceding germination does not arise in this case, since within the period of 
observation no germination occurs in any of the seeds. 

Starchy seeds—Seeds of this class, in general, show best absorption at 
30°C. and as the temperature range is increased, the absorption capacity 
dwindles. It is remarkable that even at 45° C. seeds do not fail to absorb 
what little they can, after which they show a definite decline, or a continued 
level phase, indicating thereby that they have absorbed that amount of 
moisture which they are capable of holding, in spite of adverse temperature 
effect. The maximum absorbing capacity of seeds at 30° C. lies between 20 
and 30 per cent. of the air-dry weight of the seeds while in paddy the 
highest absorption amounts to 10 per cent. This clearly brings to light the 
fact that paddy is adapted only to high moisture requirement and functions 
best during immersion, the stiff seed coat being only an adaptation to 
continued immersed conditions; hence atmospheric moisture conditions 
are too inadequate to allow of absorption to any great extent. In wheat a 
peculiar phenomenon is noted, viz., an initial absorption to the extent of 
about 10 per cent. at 45° C., whereas in others it is only upto 5 per cent. 
and subsequently a continuous fall till even the original water content 
of the seed begins to be lost. This exceptional behaviour in contrast to 
paddy may be explained as being due to the structural differences in 
the two cases. 

Oily seeds—Linseed and cotton behave in a similar manner in as much 
as the maximum absorption in these two at 30° C. reaches approximately 
35 per cent. Linseed appears to be an exception in its behaviour at 
higher temperatures. Unlike the other two, it absorbs a great deal 
initially but loses all finally. The reason for this is obvious. Linseed has 
a mucilaginous coat and after the seeds are exposed to atmospheric 
moisture at 45° C., the mucilaginous covering absorbs a large amount of 
moisture but after absorption has reached a certain limit, the seed is no 
longer able to hold this due to subsequent high rate of evaporation at higher 
temperature. ‘The final absorption at 45° C. in all these oily seeds is below 
2 to 3 per cent. 
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Proteinaceous seeds—The proteinaceous seeds seem to possess greater 
absorbing faculty than seeds of any of the previous series, but such high 
absorption occurs only at medium temperatures of 30° and 35°C. Even in 
the initial stage high absorption at higher temperatures is absent. Gram 
appears to be an exception to this. In the two pulses Phaseolus mungo 
(var. glavar) and Phaseolus mungo (var. radiatus) a peculiar phenomenon js 
observed, namely, even from the very start of the experiment the seed 
loses its weight. 


D.—Water absorption and germination relation 


The gradation of water supply to the seeds in the three series of 
experiments ranging from complete immersion to a supply in the form of 
moisture in the preceding experiments has indicated that in the case of 
the topmost shelf supplied with air-moisture alone, no germination took 
place even upto a period of seventy hours, in spite of the fact that oxygen 
and temperature supply did not limit germination. It is therefore inferred 
that a certain percentage of water must be absorbed before sprouting 
(germination) starts. With the object of determining the exact water 
potential for each biochemic class and variety of seed experimented upon, 
the percentage of water at the close of germination in the experimental 
seeds is determined. The criterion of germination for the present purpose 
has been taken as the emergence of white coleoptile through the seed coat. 
Data obtained under optimal conditions of oxygen, water and temperature 
supply belonging to the middle shelf alone are taken into consideration, so 
that any limitations due to conditioning factors upon both the rate of 
germination and absorption may not introduce error in our conclusions. 


In Table I are portrayed the values for moisture content at the close 
of germination for each class of seeds grouped separately. From a review 
of the same it will be seen that the water content of the seeds after ger- 
mination varies between 26 (paddy) and 200 per cent. (sannhemp). 


The variations in any one class are remarkable. For instance, in the 
case of starchy seeds, on comparing wheat with paddy, we find that whereas 
the former requires 43 to 46 per cent. the latter’s need is as low as 18 per cent. 
As a matter of fact, paddy should have required more water as it is practi- 
cally semiaquatic, but the low water content evidently shows the least 
need of water for germination. This is explained by the fact that paddy 
has a thick seed coat, the permeability of which may also be much less than 
that of wheat. Another notable feature is that germination in paddy begins 
after 18 hours, whereas in wheat after 12 hours only. It, therefore, seems 
most probable that with comparatively less moisture, developmental 
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TABLE I 


Water absorption and germination relationship in common crop seeds 
maintained at 30°C. and provided with optimal conditions of 
air and moisture supply 
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Name of seed 


Germination 
starts after 


% water con- 
tent at the 

start of ger- 

mination 


Germination 
complete 
after 


% water con- 


tent at the 
close of ger- 
mination 


Starchy group: 


1. Triticum vulgare 
2. Oryza sativa ae 
3. Pennisetum typhoideum .. 
4, Panicum indicum 


Oily group : 


Linum usitatissimum 
Gossypium herbaceum 
Sesamum indicum 


Proteinaceous seeds : 


Phaseolus mungo 
(var. glavar) .. 

2. P. mungo (var. radiatus) 

3. Cretolaria juncea 

4, Cajanus indicus 

5. Cicer arietinum .. 


5. Zea mays 


195-0 
160-0 
200-0 
119-0 
103-0 


interval. 


well. 


variation in absorption. 


avoided. 


changes towards germination are delayed; but even this small amount of 
moisture is capable of inducing germination though after a longer time 


Similar variations of enormous extent are to be noticed in oily seeds as 

For instance, Sesamum indicum requires as low a percentage as 46 
while linseed needs as high as 105 per cent. 
in these two cases the seed coat must be responsible for such a large 
In one case the seed covering is of mucilaginous 
nature and so absorbs enormous quantity of water, while in the other no 
such coat exists and so whatever is absorbed contributes directly towards 
germination and the apparent waste in absorption by the seed coat is 


It is, therefore, evident that 


The data further show one interesting feature, that in spite of 
variations, structural or biochemic, each class of seed has a specific water 
requirement for germination. 


The starchy seeds have the least water 


requirement (between 26 and 60 per cent.), the proteinaceous the maximum 
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(between 103 and 200 per cent.), while the oily seeds have a medium require- 
ment between that of the starchy and proteinaceous. But for individual 
variations in each class, which could be explained on the basis of structural 
differences, the results indeed throw a flood of light on the possibility of a 
biochemic classification of plants. Morphological characters which have 
been the criterion of systematic classification of plants are but external 
attributes of function and as such the chemical and functional characteris- 
tics of plant life should constitute a surer basis of systematic classification 


of plant kingdom and in deciding the systematic position of debatable 
families. 


It has further been experimentally shown that absorption of water in 
absolute units does not depend upon the presence of water and water alone 
since the percentage increase in weight of seeds in the immersed state has 
been shown to be much below that taking place in seeds otherwise exposed. 
The excessive water surrounding the lowermost shelf although favourable 
for maximum absorption does not induce the same possibly on account of 
the limitations in the intake of water brought about by deficient oxygen 
supply under the immersed state. This is further substantiated by the fact 
that with increased aeration, as in the case of middle shelf exposed to 
optimum moisture and air conditions, the absorption shows a rapid increase 
over that accruing under submerged conditions. Freer aeration at the 
cost of moisture supply as in the uppermost shelf, however, is detrimental 
to proper absorption which in certain cases reaches much below that taking 
place in the completely immersed condition. Moreuver, the temperature at 
which maximum absorption takes place is not the same throughout, as the 
previous environic conditions under which the seed underwent development 
seem to be greatly influencing the intake of water. Thus in wheat, a 
winter crop seed, absorption is comparatively high at a lower temperature 
of 30°C. whereas in a summer crop seed like maize absorption is high at 
35°C. Any increase in temperature beyond this limit usually results in 
negative absorption by seeds. 

The phenomenon of water absorption by seeds, therefore, does not depend 
upon the presence of a single factor but is to alarge extent governed by a 
number of such conditioning variables. The rate of entrance under any 
state is not governed by one factor and one alone, but by the mutual yet 
balanced relationship between each of the controlling variants—the chief 
amongst which are temperature, oxygen concentration and water supply. 
Under field conditions, however, where germination of seeds is considerably 
limited by one or the other of such conditioning variables, it would indeed 
be interesting to study on statistical basis the germination of a large 
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number of agricultural seeds, under different seasonal conditions. Such 
investigations in correlation with soil and atmospheric temperature, moisture 
content and the porosity of the soil at the sowing time and depth as also 
during germination period would help a good deal in the selection of suitable 
conditions for the rapid germination of the seeds and the earlier establish- 
ment of the young seedling into an active plant. 


4. Summary and Conclusions 


In the present communication are reported the results of an experi- 
mental study of the process of water absorption in thirteen varieties of seeds 
of varying structural and biochemic constitution. The rate of water intake 
is studied at different temperatures under three distinct environmental con- 
ditions. In the first case, water is supplied in maximum but no free 
oxygen ; in the second, water is supplied by capillary action of filter paper and 
moisture and air conditions maintained at optimum level; and in the third, 
seeds are allowed to germinate under atmospheric moisture and free 
aeration. The data so obtained on the absorption of water under one- 
hundred-and-fifty-six combinations of external variables, are expressed in 
terms of percentage increase in weight of air-dry seeds and subsequently 
analysed in terms of the intensity of the various conditioning factors and 
the structure and biochemic constitution of seeds. The following conclu- 
sions are the outcome of the above study :— 

(1) The rate of absorption of water is very irregular leading to the 
impracticability of a mathematical expression of the phenomenon, although 
in general it does follow the law that drier the seed the greater is the 
absorption rate. 

(2) In spite of the irregularities in the rate of absorption seeds 
constitutionally and structurally similar show more or less similar absorp- 
tion rate. 

(3) Water supply not limiting, absorption rate is considerably increas- 
ed by providing better aeration. 

(4) Under immersed conditions, the seeds at higher temperatures to a 
certain extent show negative absorption leading to a loss in weight which in 
certain cases is also noticeable when saturation limit has been attained to- 
wards the later stages of germination. 

(5) Under optimum air and water conditions, no saturation limit is 
reached even at higher temperatures. 

(6) Seeds of starchy biochemic constitution like Panicum and 
Pennisetum show high absorption under optimum air and water conditions 
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whereas Oryza absorbs water better under the immersed state due probably 
to the adaptability of this seed to growth under submerged conditions. 


(7) Inoily seeds absorption is less under the immersed state while 
increased intake of water is marked under better aeration conditions. This 
may be due to the dissolved oxygen falling short of the respiratory 
requirement of the seed which may go a long way to inhibit germination 
and consequently absorption also. 


(8) In proteinaceous seeds, absorption never reaches the saturation 
limit, a continuous rise being obtained even at higher temperatures and 
under adequately aerated and moisture conditions in contrast to seeds of the 
other two biochemic groups. 


(9) In winter crop seeds absorption is higher ata relatively low 
temperature (30°C.) in contradistinction to the summer crop seeds where 
maximum absorption takes place at a comparatively high temperature 
(35°C.). 

(10) The rate of intake of water under any state is not governed by 
one factor and one alone, but by the mutual yet balanced relationship 
between each of the controlling variables. 
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THE GOLGI BODIES IN THE ERYTHROCYTES OF 
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TuE interest in the Golgi bodies in the erythrocytes of vertebrates may be 
said to commence from 1914 when Cowdry* expressed a doubt regarding 
the occurrence of these structures in the red blood-corpuscles though he 
admitted the presence of mitochondria. Since then a number of efforts 
have been made to investigate the Golgi content in these highly specialised 
cells of the vertebrate body. In 1925 Brambell and Bhattacharya? reported » 
the occurrence of the Golgi bodies in the Sauropsida, taking as examples, 
Gallus bankiva, Testudo greca, Trionyx hurum and Uromastix hardwickt. 
Using Da Fano’s cobalt-silver-nitrate method they demonstrated in the 
cytoplasm of erythrocytes small bodies densely impregnated with silver. 
Their position in the cells was found to be variable. Some time later, 
Dawson‘ described the ‘‘segregation apparatus” in the erythrocytes of 
Necturus and tentatively related them with the Golgi bodies. In two later 
communications,56 the same author, using supra-vital staining methods, 
demonstrated large neutral red globules and spherical and filamentous 
mitochondria. Kurashige® using osmic methods described filamentous 
Golgi bodies in the erythrocytes of the giant salamander and also in some 
reptiles. Bhattacharya and Banerji! described granular Golgi bodies 
scattered in the cytoplasm without any definite arrangement. 

While examining the osmic and silver preparations of the testis of 
Ichthyophis glutinosus in the. course of the author’s work on the spermato- 
genesis of this form, it was noticed that the Golgi bodies were found in the 
erythrocytes with a clearness that was constant and remarkable. Several 
preparations were subsequently made using Ludford’s modification of Mann- 
Kopsch method and Da Fano’s cobalt-silver-nitrate method. Perfect 
technique is so largely essential, especially in case of the study of the Golgi 
bodies of the erythrocytes, that the author, to assure himself regarding the 
results, prepared his material a number of times. Of the two methods 
employed, Da Fano’s method is, in the opinion of the author, the more 
teliable, being a completely specific procedure for the demonstration of 
the Golgi bodies. 
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Size of the erythrocyte—The corpuscles of Ichthyophis are of large size 
being second only to those of urodeles. Gulliver? has given the measure- 
ments of the corpuscles in various Urodela and Anura and deplores the lack 
of our knowledge about the measurements of these structures in the Apoda. 
He says “Of the Cecilie we at present know nothing of these corpuscles. 
Will no travelling naturalist supply us with an account or specimens 
of them ?” The following measurements will, I trust, supply the want :— 


Long diameter of the corpuscle 1/927. 

Short diameter of the corpuscle wa “s 1/1649. 
Long diameter of the nucleus evi es 1/2387. 
Short diameter of the nucleus - v 1/4263. 


The above figures express the measurements of the red blood corpuscle 
and its nucleus in fractions of an English inch, after the practice of Gulliver. 
These represent the average sizes, slight variations being often met with. 
It will be noticed that so far as the measurements of the corpuscles go, 
Ichthyophis stands midway between Urodela and Anura, for in the former 
group, the smallest corpuscle is that of Triton (L.D. 1/848, 5.D. 1/1280) 
while in the latter, the largest corpuscle is that of Rana esculenta (1,.D. 1/1000, 
$.D. 1/1445). Gulliver attributes taxonomic importance to the size of the 
corpuscles. But without making any generalisation, it is interesting to note 
the intermediate size of the corpuscles in Ichthyophis glutinosus. 


The Golgi bodies in the erythrocyte—-The Mann-Kopsch preparations 
of the erythrocytes in Ichthyophis show a number of rounded or oval, 
sometimes elongated or slightly irregular bodies scattered in the cytoplasm 
around the nucleus. These bodies are of different sizes and the most inter- 
esting feature is the distinct appearance of their being connected together 
in a chain-like system. A number of such dark osmicated bodies of different 
sizes thus form a regular system of connecting links. Some of these bodies 
are actually adpressed to the nuclear membrane and others are situated 
close to the cell border. They often tend to aggregate together to form 
clumps. An examination of Da Fano’s preparations reveals a structure 
which is quite in conformity with the Mann-Kopsch pictures and more 
clearly. The ground cytoplasm being homogeneous, the dark Golgi bodies stand 
out with an astonishing clearness. The same roundish or irregular bodies 
are observed, but the intervening connections, which were thin and faintly 
dark in Mann-Kopsch preparations, were very deeply stained and much 
clearer, giving an appearance of canals in the cytoplasm. There is hardly 
any doubt that these intervening connections between the bodies also con- 
stitute a part of the Golgi system. In addition to the canal-like bodies, 
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there are distributed in the cytoplasm a few apparently independent isolated 
bodies. 

Kurashige® has noticed in the giant salamander three types of bodies, 
all of them being different phases in the development of the Golgi body. 
He calls them Golgi specks, Golgi substance and Golgi granules. The ulti- 
mate formations which are the granules, may occur as filaments also, as 
in Hynobius and Trionyx.2 Dawson,® on the other hand, thinks that 
Kurashige’s filamentous structures are mitochondria which the latter author 
has noticed in Necturus. My Da Fano preparations leave me in no doubt 


as to the Golgi nature of the chain-like bodies I find in the erythrocytes 
of Ichthyophis. 


The Golgi material probably originates in the corpuscle as a tiny speck 
which grows and becomes connected with similar bodies into the chain-like 
system. The isolated and independent granules probably represent a stage 
in the development and differentiation of the Golgi chains: 


The accompanying figures illustrate the distribution and structure of 
the Golgi elements in the erythrocytes of Ichthyophis glutinosus. 
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EXPLANATION OF PLATE. 


Fig. 1—Camera lucida drawing of an erythrocyte of Ichthyophis glutinosus. Surface view. 
Mann-Kopsch preparation. 


Fig. 2—Camera lucida drawing of an erythrocyte of IJchthyophis glutinosus. Side view. 
Mann-Kopsch preparation. 

Fig. 3—Camera lucida drawing of an erythrocyte of Ichthyophis glutinosus. Surface view. 
Da Fano preparation. 


N. — Nucleus. G. = Golgi body. 
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7. Introduction. 


Two facts have made the life-histories of the members of Balano- 
phoracee the subject of repeated investigation and contradiction: the 
extreme reduction of the pistillate flowers to almost their essentials, and the 
occurrence of the apomixis in many of the hitherto investigated species. 
These facts together with the taxonomic relationships and the highly 
advanced parasitism prevailing within the entire family have made it 
problematic and interesting to a large number of investigators of the last 
century. But either due to the difficulty of obtaining the material or due 
to the growing apathy towards embryological or morphological studies, the 
subject has, of late, been left alone, although owing to the wide diversity of 
opinion that once existed on the subject of apomixis in several species, 
even the recent authors have pointed out the necessity of investigating more 
species of the family. The present work was pursued with this end in view, 
for the material collected appeared to be a new species, and at an early 
stage of investigation, disclosed a few features in its life-history, which were 
peculiar to itself. 

The published literature on the subject contains the developmental 
history of six species of the genus, for one would naturally exclude those 
species which have been studied more from the taxonomic point of view. 
The first important contributions which have come down to our day are 
from Hofmeister,? who made a study of several members of the natural 
order, including three species of Balanophora: B. Polyandra, B. fungosa 
and B. dioica. He has recorded the occurrence of fertilisation in at least the 
first two of these. Hofmeister was followed by van Tieghem,® who, while 
agreeing with him on most points, contradicted his statements pertaining to 
the existence of an ovule in Balanophora, observing that the female organ 
of Balanophora indica is a carpel deprived of the perianth and the placenta, 
and that the integumentless megasporangium is imbedded in the tissues of 
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the carpel. He also noted the occurrence of fertilisation in this species. 
Treub,?7 working on B. elongata and Lotsy*, on B. globosa were both 
inclined to regard the female organ as a naked nucellus provided with a 
long beak and a sub-epidermal embryosac mother-cell, an explanation which 
is accepted at the present day. In interpreting the embryo as apogamous 
in origin, however, Treub and Lotsy gave a considerable set-back to our 
knowledge, and till Ernst? proved the parthenogenetic development of 
the egg, the two plants, B. elongata and B. globosa, passed down in 
our subsequent treatises as the only known examples of apogamy among 
the angiosperms. 
2. Material and Methods, 

The material for the present study was collected in January 1933 in 
the reserve forests at Makut on the Coorg-Malabar boundary, S. India. 
The specimen was provisionally identified as B. dioica, though it was 
monoecious, the male and the female flowers occurring on the same inflo- 
rescence, and though it possessed well-sized, lobed tfibers (P1. LVI). B. dioica 
has been recorded by Hooker* as occurring in the Mishmi Hills and the 
Khasia Mountains. Gamble} notes its occurrence in S. India in the hills 
of the Northern Circars, but his identification is based only on the examina- 
tion of male flowers, The collected material differs considerably from the 
specimens obtained} from the Khasia Mountains, though it permits of being 
classified under B. dioica, R.Br., as described by Hooker. A limited 
quantity of material was available for collection, as it was restricted to a 
little isolated colony in a single locality at the place of collection. 

Flower-heads at various stages of development were killed and fixed in 
formacetic alcohol (formalin 8-10 c.c., glacial acetic acid 2-3 c.c., and 50% 
alcohol 90 c.c.) and imbedded in paraffin 56° C. Microtome-sections 8u thick 
were bleached in chlorine and stained, some in iron-alum Hematoxylin and 
some in Newton’s Iodine-gentian-violet, with or without an additional stain 
in Orange-G. A few preparations were made from Khasia specimens, fixed 
and preserved in formalin solution. The diagrams were drawn mostly with 
apochromatic immersion objectives and zeichenapparat at various magnifica- 
tions. 

3. Observations. 

The origin and the early development of the floriferous shoot of 

Balanophora dioica have been described already in a previous paper. On its 


* Flora of British India, 5, 237. 

+ Flora of the Madras Presidency, Part VII, p. 1263. 

¢ The writers are indebted to Dr. S. P. Agharkar for his kindness in sending specimens 
from this locality for comparison, 
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later development and on the external characters of the flowers, adequate 
descriptions are found in the previous literature, so that it is preferred to 
restrict the present paper to the developmental history of the pistillate 
organ and the embryogeny in the species. One need only give a brief 
description of the floriferous shoot. 

The fully developed floriferous branches of B. dioica measure from 3 to 
7 in. in length and -2 to -5 in. in thickness. Their number and size depend 
upon the age and size of the tuber bearing them. A well-sized tuber may 
bear as many as half-a-dozen shoots at a time, while still more may yet be 
developed within the lobes. The development of the floriferous axes is 
irregularly successive and is spread over a long flowering season. The heads 
bear three or four rows of tri- or tetra-merous male flowers at the base, and 
are from -5 to 1-5 in. in length, usually about -7in. The stalk and the 
scales have a pale yellow colour, the head being somewhat creamy-yellow. 
They have no smell. Pollen-grains are formed long before the bursting of 
the covering lobe, but the female flowers ripen long after. At the time of 
bursting, the tiny club-shaped structures cover the entire surface of the 
inflorescence, protecting the female flowers and giving the surface of the 
head a smooth and somewhat velvety aspect. 


(a) The Pistillate Organ.—The earliest indications of the formation of 
a pistillate organ is a papillate outgrowth on the surface of the inflorescence- 
head, in between the protective scales. The tendency for these organs to 
arise on the stock of the club-shaped protective scale seems to be less in 
this species than in others, though very often one finds a few organs grow- 
ing on it at its base. As the head grows rapidly in size, the scales are 
carried farther apart from one another, but their enlarged apices for a long 
time remain contiguous. The pistillate organs are distributed more or less 
uniformly all over the surface of the head and arise mostly at the same 
time; but this uniform development is soon lost owing to the arrested 
development of many of the organs. Formation of new organs in between 
the older ones also takes place. 


The primordium of the pistillate organ (Figs. 1 and 2) may be 
somewhat conical where there is a want of room among the closely crowded 
primordia, but it is more rounded where the growth is unhindered. It 
consists of a central row of a few cells covered over by the epidermis. 
These central cells multiply by transverse divisions till the organ is in a 
position to swell out into a ‘“‘ venter’’ and differentiate one of the central 
cells into a megaspore mother-cell ; but throughout, this central row remains 
hypodermal. Treub observes that this megaspore mother-cell is a hypo- 
dermal cell, but whether the entire central row constituting the archesporium 
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is deprived from an originally hypodermal cell is not clear from his 
accounts ; for, such it appears to be from the fact that the earliest develop- 
ment of the papilla is accompanied by the growth and divisions of the 
hypodermal cell immediately below. Though different in origin, the 
archesporial cells of the central row are in no way differentiated from the 
cells of the epidermal layer, save that they are sometimes slightly bigger, 

When the central row has ceased to elongate, growth and divisions 
become almost restricted to the epidermal cells occupying the apical region 
of the outgrowth, resulting in the development of a long nucellar beak. 
Though in the formation of the beak one of the apical cells is often slightly 
ahead of its neighbours (Fig. 3), there is generally no single initial, 
such as has been described by Treub. When the beak is fully formed, the 
topmost cell becomes a little bigger than the others (Fig. 4), and its 
walls swell out slightly, probably becoming mucilaginous. This cell often 
gives the impression of the existence of a persistent apical cell. 

The formation of the basal enlargement of the pistillate organ and the 
differentiation of the megaspore mother-cell generally takes place early; but 
it may be deferred to a late stage where the organs are hindered in growth 
by being crowded together. Such primordia are obliged to grow on till they 
make their way between their neighbours and come out on top of them by 
developing a long stalk. They then form their ‘“‘ venters’’ above the level 
of the adjoining organs, so that it is not unusual to see several young organs 
showing, for instance, the division of the megaspore mother-cell, intermixed 
with older ones, which have already differentiated their eggs and synergids. 

The enlargement and differentiation of the megaspore mother-cell is 
preceded and accompanied by longitudinal divisions in the central cells and 
periclinical divisions in the outer epidermal cells, resulting in the formation 
of a ventricose enlargement (Fig. 4). Consequently the central cells can 
no longer be distinguished as a linear row. These divisions continue 
to occur during and even after the reduction divisions, so that the 
wall of the ‘‘venter’’ so formed is three to five cells deep when fully 
developed. The further increase in the size of the megaspore mother-cell 
(and later of the embryo-sac) is rendered possible by the growth and flatten- 
ing of the wall-cells, but up to the formation of the U-shaped embryo-sac, 
none of the wall-cells are found in a crushed or degenerated state. 

(b) The Megaspore Mother-cell—The megaspore mother-cell becomes at 
first polyhedral and then more or less oval in shape, and is differentiated 
from the other cells of the central row by its size and its dense contents, 
Towards the apex of the cell, one or two vacuoles sometimes make their 
appearance, but generally the cytoplasm is uniformly dense. The first 
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division of this cell is not as a rule preceded by the formation of cytoplas- 
mic radiations round the nucleus. These are most often a feature of the 
functioning megaspore. In B. elongata (Treub) and B. globosa (Lotsy) 
these radiations are observed prior to the first division of the embryo-sac 
mother-cell, so that it is evident that, as a precursor of the vacuole forma- 
tion, this is a constant feature of the embryo-sac mother-cell. But often in 
B. dioica, these radiations make their appearance in the megaspore mother-cell. 
It appears from this as though there is a tendency on the part of the 
megaspore mother-cell to function directly as the embryo-sac mother-cell, 
without the intervening megaspore-formation. This point has been resumed 
in a later paragraph. 

During the differentiation of the megaspore mother-cell, before its 
nucleus shows signs of the on-coming meiosis, a more or less globular, 
somewhat deeply staining body, resembling in size and shape a nucleolus, 
makes its appearance in cytoplasm of the mother-cell. Though it was often 
seen in the vicinity of the nucleus, its origin could not be traced with 
certainty. It was observed to have grown, distorted or constricted and 
divided itself into two (sometimes three), and these were very often found 
occupying polar positions with reference to the mother-cell nucleus. They 
were not definite in their situations and somewhat irregular in their 
behaviour, but were rarely missed during the reduction-divisions, being 
particularly prominent in the prophase stages (Figs. 5, 7, 8, 11 and 12). 
Later on, during the formation of megaspores one or both of them were 
often found excluded from out of the functioning megaspore into the 
cytoplasm of any one of the degenerating megaspores, or to have disappear- 
ed in the cytoplasm of the embryo-sac. 

The stadium of appearance and the positions occupied by the bodies 
would recall to one’s mind the ‘‘ spheres directrices ’’’ observed by Bernard! 
in the embryo-sac of Helosis gwyanensis. But these bodies do not seem 
to have anything to do with the formation of the nuclear spindle and have 
no resemblance whatever to the spheres of attraction described by Bernard. 
The nature and significance of the bodies are not clear. 


The resting megaspore mother-cell nucleus usually occupies the centre 
of the cell, and very often it is surrounded by an ephemeral cytoplasmic 
mantle. During the early contraction stages, it wanders towards the basal 
end, rarely towards the ‘stylar’ end of the mother cell. Of the nature 
of synaptic pairing little could be studied, for want of suitably fixed 
material and owing to the smallness of the chromosomes, At diakinesis 
(Fig. 6), about 18 bivalents are formed. ‘The two homologues of any of the 
bivalents are generally not contiguous to one another at any point along 
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their length. Conjugation seems to be somewhat restrained, but in other 
respects the meiotic division is normal. 

The prophasic nucleus generally enters into the metaphase at the very 
base of the cell. A somewhat broad and short spindle is formed along the 
long axis of the mother-cell, and its widely curving spindle-fibres fill the 
entire basal portion of the cell (Fig. 7). This division is followed by 
wall formation so that a small cell is cut out at the basal end of the mega- 
spore mother-cell. A similar bipartition of the cell is reported to take place 
in B. elongata (Ernst), and in B. globosa (Lotsy), with this difference that, in 
these, this division is not heterotypic, and is not the rule in the development 
of the embryo-sac. How far it is the rule in B. dioica is dealt with in the 
discussion part. 

The second division is generally simultaneous in the two cells (Figs. 
10 and 11), but sometimes successive, the nucleus of the basal cell 
dividing first. The two spindles are at right angles to one another, that of 
the bigger cell being disposed along the long axis of the cell. Often they 
are disposed obliquely to one another. While the lower cell is divided by a 
median wall across it, the wall in the upper cell is basal and oblique, so that 
the three megaspores thus cut out, form a cap at the base of the fourth 
(Fig. 13). The basal megaspores shrink before the functioning megaspore, 
which rapidly grows, and rapidly degenerate (Fig. 14). In this condition 
they are easily distinguished till a late stage in the development of 
the embryo-sac. 

It may be recalled here that the most of the hitherto investigated 
species are parthenogenetic, and particular interest attaches to the present 
material in view of the fact that normal meiotic phenomena have not so far 
been observed in any of the Balanophoracee. 


(c) The Embryo-sac.—The formation of the cytoplasmic radiations round 
the nucleus of the functioning megaspore has already been mentioned. 
A subsequent vacuolation of the plasma commences at the periphery and 
rapidly advances, inwards between the rays during and after the division 
of the nucleus (Fig. 14); The division is characterised by the features 
usually observed in most other angiosperms, such features, for instance, 
as the formation of a transitory cell-plate, the persistence of spindle-fibres 
between the telophasic nuclei for some time as strands of cytoplasm, and 
later, the formation of a large vacuole between the two nuclei due to the 
aggregation of cytoplasm at either pole of the cell (Figs. 15-17). 

The side on which the well-known bend of the embryo-sac takes place 
is not predetermined. The growing cell seems to advance towards the side 
of the least resistance, tending first to expand at the base on all sides, 
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The growth of the embryo-sac presents no special features in B. dioica. 
The lower end of the sac, as it pushes upward, acquires a cap of the two or 
three cells of the wall, which are flattened by it in its upward growth 
against them. This cap serves to distinguish the one arm of the embryo-sac 
from the other during the growth of the sac (Fig. 18). As in the other 
investigated species, the originally lower pole outgrows the other and 
organises the egg-apparatus and the functioning polar nucleus. Very often 
even at an early stage, it swells out so that the other arm dwindles 
considerably. The continued growth of the embryo-sac causes the further 
vacuolation in the cytoplasm of the sac, now in the polar regions (Fig. 17). 
With the completion of the second division, which occurs before or 
when the two arms are nearly equal in length, the four nuclei come to lie 
(two in each arm) in separate masses of cytoplasm, isolated by vacuole- 
formation (Fig. 19). The embryo-sac invariably undergoes plasmolysis 
in fixation at this stage and also in subsequent stages. Of the two nuclei in 
the egg-pole, one occupies the topmost extremity of that pole, being often 
slightly flattened out against the wall and in course of time gives 
rise to the two small synergid-nuclei. The other, situated farther in 
the interior of the arm, divides to form the egg-nucleus and the superior 
polar nucleus. The two spindles are generally equal in size and are 
oriented roughly at right angles to one another. In the specimen obtained 
from the Khasia Mountains, a transitory cell-plate is formed in both spindles 
(Fig. 20). Of the resulting four nuclei, the two synergid-nuclei are 
far smaller in size than the other two, of which the polar nucleus rapidly 
grows bigger than the egg-nucleus. In the other arm of the embryo-sac, 
the four antipodal nuclei resulting from the second division in that arm are 
all equal in size, being little bigger than the synergid-nuclei. They are 
generally aggregated together in a thick band of cytoplasm across the 
vacuolated antipodal arm. The third division in the embryo-sac is usually 
simultaneous in the four nuclei in the two arms. 


In the egg-pole, the synergid-nuclei and the polar nuclei usually lie in 
one plane (the plane of symmetry passing through both the arms) while the 
egg-nucleus lies about mid-way between these, but not in the same plane. 
Later, when cell-formation takes place, the egg places itself at the extremity 
of the embryo-sac, partly imbedded in a depression of the protoplast, which 
surrounds it on all sides save the top. The synergids which adjoin the egg- 
cell on one side are at first very small and wedge-shaped as in B. elongata 
(Ernst), but gradually grow with the formation of basal vacuoles, character- 
istic of synergid-cells. The egg-cell also develops a vacuole, usually on the 
side turned towards the apex as in most angiospermous oospheres. No cell 
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is formed about the polar nucleus ; it remains free in a dense mass of cyto- 
plasm, which now accumulates at this pole. It increases slightly in size, and 
is provided with a large nucleolus often two. ‘The normal orientation of the 
egg-apparatus can be deduced mostly by inference, as the formalin-fixatives 
have the effect of shrinking and dislocating the cells to some extent. But 
from the available evidence, it is not difficult to reconstruct the disposition 
of these cells (Fig. 21). 


Thus far the course of development of the embryo-sac and the changes 
taking place in it are more or less in agreement with those described in 
other species; but some slight differences are noteworthy. The organiza- 
tion of the egg-apparatus seems to be more perfect in this species than in 
the others. In contrast with what obtains in B. elongata (Ernst), both the 
egg and the synergids possess the characteristic vacuoles. The synergids 
become prominent in size and in appearance to such an extent that some- 
times one is unable to distinguish between these and the egg. The egg 
does undergo a certain amount of shrinkage in the subsequent stages due to 
the action of fixatives, but at no time does it become indistinguishable from 
the surrounding cells, or give the impression of complete degeneration as 
has been reported by Ernst in B. elongata. These facts are significant in 
view of the normal sexual cycle of B. dioica, for the above comparison 
indicates some of the changes consequent in B. elongata upon the adoption 
of parthenogenesis in place of syngamy. 


In the antipodal arm, certain singular changes take place. As in the 
other species of Balanophora, the antipodal nuclei remain for a while free 
in the cytoplasm of the antipodal arm, and none of them is differentiated 
from the rest as the antipodal polar nucleus. Soon after their formation, 
however, they undergo fusion with one another, so that by the time the 
egg-apparatus is organised, there remains in the antipodal arm a single 
nucleus about four times as big as each of the antipodal nuclei (Figs. 24 
and 25). As none of the earlier nuclear divisions are generally omitted, 
the fusion takes place between four nuclei. The fusion-stages resemble 
those of the polar nuclei in other angiosperms, but proceed comparatively 
rapidly. Soon after fusion, the nucleus assumes a spherical form, and 
the four nucleoli are reduced to a single one. In later stages the 
fusion-nucleus again assumes a more or less irregular outline (Fig. 26), and 
finally, during endosperm-formation, it degenerates with the atrophy of the 
antipodal arm. 

(d) Fertilisation.—On the occurrence of fertilisation in B. polyandra 
and fungosa and probably in dioica also, we have already some evidence 
from Hofmeister. In the form under investigation, one finds evidence to 
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confirm Hofmeister’s observations. Pollination seems to take place some 
time after the formation of the egg-apparatus. Pollen-grains are rarely 
seen on the tips of the nucellar beaks of the organs showing (to all outward 
appearances) the fully formed egg-apparatus, though the beaks of these 
organs are already found to have pierced through, in between the enlarged 
heads of the protective scales. In slightly later stages, pollen-grains are 
very frequently seen sticking to the tips or the sides of the nucellar beaks, 
and many of them are observed to have germinated and emptied themselves 
of their contents. The pollen-tubes could often be traced a little way down 
the beak. A structure closely resembling the end of a fine pollen-tube could 
very often be made out at the egg-pole of the embryo-sac, close and often 
contiguous to the egg (Figs. 22 and 23), and in some cases, it could 
be traced a short distance upward into the nucellar tissue. The synergids 
are frequently found displaced to some extent from their normal positions 
by the pollen-tube, and at this stage even show signs of atrophy. Unfortu- 
nately, accurate observation is rendered extremely difficult and uncertain 
owing to the plasmolysis of the egg in fixation ; but even under these condi- 
tions, in one or two embryo-sacs, in the vicinity of the egg-nucleus was 
observed a tiny chromatic body, which could be interpreted as the male 
nucleus. No authentic case of syngamy, however, could be established, but 
the persistent occurrence of structures resembling pollen-tubes in the 
vicinity of the egg leaves little doubt on the question of fertilisation in the 
species. 

(e) Endosperm-formation.—From what has already been stated in the 
foregoing pages in connection with the development and the subsequent 
fusion of the antipodal nuclei, it is evident that in this species none of the 
antipodal nuclei is differentiated from the rest as the inferior polar nucleus. 
But mention must be made of three embryo-sacs, in each of which two well- 
sized nuclei were seen in the dense cytoplasm of the egg-arm. In two of 
these cases, the nuclei appeared to undergo fusion with one another. At 
this stage, apparently fertilisation had taken place, but the two fusing 
nuclei closely resembled one another, so that the probabilities were that this 
extra nucleus in the egg-pole was one of the antipodals and not a male 
nucleus. Naturally, one cannot decide on these two or three cases out of 
the numerous ovules examined; these may quite possibly be exceptions ; 
but even as such, they show that sometimes the embryo-sac may revert to 
the true angiospermous type in giving rise to a secondary fusion nucleus. 
Whether a male nucleus enters into fusion with the polar, could not be 
determined. Ordinarily, the polar nucleus is very often found in later 
stages to have increased slightly in size and to have possessed two or three 
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prominent nucleoli. Unfortunately, division-stages are comparatively rare 
in the endosperm-cells, and in the few spindles observed, countings are 
rendered impossible by the fact that at this stage, the cytoplasm of the sac 
takes a dense stain, and very often oil-globules and other darkly-staining 
matter occur in the vicinity of the spindles. The possibility of a fusion with 
the male nucleus is by no means out of question; but to pronounce either 
way upon the present evidence, would be merely stating an opinion. 

It may be pointed out here that in B. elongata, one of the antipodal 
nuclei is said to be differentiated from the rest by its greater size and its 
relatively longer life (Ernst). But neither the formation of a secondary 
nucleus nor the occurrence of double fertilisation has been reported in any 
of the species. 


The formation of the cellular endosperm follows, in the earlier stages 
(Figs. 27-30), well-nigh the same course here, as in B. elongata described 
by Ernst. The divisions are not simultaneous, but are otherwise regular. 
The first division-wall separates the egg-pole from the rest of the embryo- 
sac. The large basal cell thus cut out towards the base contains one 
daughter nucleus of the upper polar nucleus and the fused antipodal 
nucleus (in the antipodal arm) both of which gradually disintegrate. The 
cell encloses a large vacuole, the scanty plasma lining the wall of the sac as 
athin layer. It does not divide any further, but is gradually pressed out 
flat by the endosperm growing from its sister cell. Inthe latter (termed 
the first endosperm-cell by Ernst), the two subsequent divisions are by 
median longitudinal walls at right angles to one another, and the third is 
by a transverse one. This course of development is entirely in agreement 
with that of B. elongata (Ernst). The eight cells in the two tiers grow 
rapidly both upwards and downwards till the entire cavity once occupied by 
the embryo-sac is filled by these endosperm cells. Of the two tiers, the 
cells of the lower tier grow more rapidly than those of the upper tier owing 
to the displacement of the large basal cell by them. They do not divide 
further. The cells of the upper tier, which surround the egg on the four 
sides now divide periclinally, the walls curving outwards (Fig. 31). This 
division takes place most often in all the four cells, but sometimes in 
only three of them. The four inner cells which are contiguous to the egg 
grow rapidly towards the apex, and their protoplasts fill the entire space 
between the cell-wall of the egg and that of the embryo-sac, so that the egg 
comes to be enclosed within the endosperm. These four cells divide in the 
transverse plane once more thus giving rise to four tabular cells adjoining 
and surrounding the now-divided egg, and to four bigger cells, lying above, 
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sixteen cells including four large basal cells (Fig. 34). A progressive 
vacuolation of the plasma of the cells, which commences at an early stage 
in the formation of the endosperm (Figs. 28-33), now culminates in the 
breaking-up of the large vacuoles into innumerable tiny globules; the 
cytoplasm thus assumes a reticulate appearance by the time the endosperm 
grows to fill the entire cavity. The nuclei no longer active, are distorted, 
elongated or indented by the globules after the completion of cell-formation 
(Figs. 34 and 35). 


(f) Embryo-formation.—The post-fertilisation stages and the course of 
embryo-formation in the form under investigation are of considerable in- 
terest, in view of the fact that the most recently (and the most critically) 
studied species, B. elongata and B. globosa, are both parthenogenetic (Ernst). 
It is all the more so because in these species, the egg and the developing 
embryo present appearances which have led more than one investigator into 
error. Mention has already been made of the fact that the egg-apparatus 
of the present species is structurally better organised than that of these 
parthenogenetic species. At the time of fertilisation, the egg is largely 
vacuolated towards the outer side and consequently undergoes a slight 
shrinkage in fixation ; but it remains in this vacuolated condition for a very 
short time. Very soon (evidently immediately after fertilisation) the 
vacuoles become distributed on all sides more or less equally, and later, 
during the early divisions of the endosperm-cells, the vacuoles are rapidly 
replaced by the formation of uniformly dense cytoplasm (Figs. 27-30). 
The nucleus occupies a central position and becomes prominent by an 
increase in size. The egg, hitherto spherical or spheroidal, now assumes the 
shape of a hen’s egg with the broad end turned towards the exterior 
(Fig. 31). In this state it rests for some time. 


The corresponding stage of the egg in B. elongata is noteworthy. Ernst 
describes the egg at this stage as follows :— 


ce 


‘aeewnen Uber der ersten Endospermzelle findet man daher in einer 
Gruppe vereinigt die degenerierenden Synergiden und die verjiingte und 
infolge der Praperation leicht geschrumpfte Eizelle...... Neben den 
immer kleiner werdenden Resten der Synergiden liegt der ebenfalls defor- 
mierte Eizelle, die aber deutlich strukturiertes Plasma und einen chroma- 
tinreichen Kern enthalt. In diesem Zustande verhaart sie auch wahrend 
der nachfolgenden Stadien der Endospermbildung = 


The appearance of degeneration seen in the egg of these parthenogenetic 
species at this stage is indeed so great that both Treub and Lotsy were led 
to believe that the egg does not survive this stage, but completely degene- 
rates. A more remarkable point, moreover, is that the egg in these species 
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remains in a relatively inconspicuous condition almost throughout the course 
of endosperm-formation. Such is by no means the case in B. dioica. In 
this, at the time of fertilisation, save for a short interval just prior to or 
during fertilisation, the egg throughout remains conspicuous by its size and 
appearance, and rarely, if ever, shows signs of atrophy. It is most promi- 
nent during the immediately following resting stage. A comparison 
of Treub’s figures (Plates VI and VII of his account) or Ernst’s (Taf. 
I, 14-17 of his account) with Figs. 27-31 of this paper brings out the 
interesting contrast between a parthenogenetic species on the one hand 
and a normally fertilised species on the other. 


About the time when the endosperm has advanced to its twelve-celled 
stage or sometimes even earlier, the first division of the egg takes place. 
The spindle is disposed across the middle of the cell (Fig. 32) and the 
division is longitudinal (Fig. 33). No suspensor is formed. The entire 
egg enters into the formation of the embryo. This fact is in opposi- 
tion to the observations of Hofmeister and of Ernst, who describe the 
formation of a considerably long suspensor in the species investigated by 
them. One must not, however, overlook the fact that both Treub and 
Lotsy working respectively on B. elongata and B. globosa found that the 
embryo in these species borders nowhere upon the periphery, being always 
far removed in the interior of the endosperm, though this has later been 
contradicted by Ernst. It is difficult to believe that the occurrence of the 
suspensor is a variable feature in these species ; but in B. dioica now investi- 
gated, the suspensor is invariably absent and the developmental stages 
shown in Figs. 32 and 33 prove without doubt that here it is not 
the case of an early atrophy of the suspensor-cell as in B. elongata (Ernst). 
The suspensor is not even exceptionally present. 


The two-celled embryo again recalls a corresponding stage in B. elongata, 
where, according to Ernst, the first division of the egg is transverse. But 
Ernst reports that often two similar, longitudinally-disposed cells are 
observed in the place of the embryo; and though he believes that here a 
synergid is developing into an embryo side by side with the egg, he does not 
exclude the possibility that it may be a longitudinally-divided egg. Greater 
support is lent to the latter alternative by the course of development now 
observed in B. dioica, for here, assuredly, neither of the synergids persists 
or develops into an embryo. The possibility now appears (in the light of 
this) that in B. elongata, the egg often fails to form a suspensor, a fact which 
obviously confirmed Treub in his belief of the apogamous development of 


the embryo. 
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The second division of the egg is again longitudinal and four quadrants 
are formed. The third division is periclinal in all the four quadrants. The 
embryo now consists of four central and four peripheral cells. The nuclei 
are all ranged in the equatorial region of the embryo (Figs. 34, 35). 
During these divisions, the endosperm grows to surround the embryo on all 
sides, and as it grows on top, the embryo comes to be buried deeper and 
deeper in the endosperm, till its lower extremity is almost in the centre of 
the endosperm-body. ‘The next division in the embryo is transverse, but 
takes place in the peripheral cells alone. The daughter nuclei formed by 
this division remain close to the common cross-wall formed between them. 
No further elaboration of the embryo seems to take place. The vacuoles 
gradually formed in the cells during the growth of the embryo, resolve them- 
selves into minute droplets far smaller than the oil-globules of the endosperm, 
giving the embryo its distinctive appearance amidst the endosperm-cells. 


The fully formed embryo thus consists of 12 cells, a number consider- 
ably bigger than those reported in other species. Hofmeister describes a 
4-celled embryo and his results are based on the investigation of 
three species, B. polyandra, fungosa and dioica. ‘Treub reports 5 in 
B. elongata, mentioning, however, the occasional occurrence of more- (rarely 
upto 10-) celled embryo, while in the same species, Ernst has counted 6 
cells apart from a suspensor-cell. ‘Thus in the material under investiga- 
tion, the resting embryo reaches a more advanced stage of development 
than in the other species; and although no organic differentiation takes 
place, the primary layers of the future embryonic tissues are laid down in 
the formation of the 8 outer cells and the 4 inner cells. 


4. Discussion. 


(a) Reduction-Division and Fertilisation—It has been pointed out 
earlier in the account that fertilisation has been observed already in at 
least three species of Balanophora; in none of these cases, however, has the 
occurrence of the complementary phenomena of meiosis been reported. 
It is true, therefore, that the evidence is not conclusive, for very often 
pollination and the germination of the pollen-grains take place without the 
occurrence of fertilisation ; and even where a pollen-tube has been observed 
in the vicinity of the egg-apparatus, fertilisation may be exceptional, as in 
B. elongata (Ernst), the prevailing mode of embryo-formation being partheno- 
genetic. Nevertheless, Hofmeister’s and van Tieghem’s observations are 
very definite on this point, and particularly in the light of the present 
investigations, it is extremely probable that in these species, fertilisation is 
a normal and the prevailing feature of their life-history. 
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In the present studies, the occurrence of fertilisation in the form 
examined is placed beyond a doubt, although the actual observations on the 
fertilisation stages do not go farther than those of Hofmeister, who has 
observed the pollen-tube at the egg-pole of the embryo-sac in the species 
investigated by him. But here the occurrence of fertilisation has been fully 
substantiated by the observations of meiosis and megaspore-formation. The 
remaining question is how far this normal life-cycle is the rule in the deve- 
lopmental history of B. dioica. 

The reduction-divisions have already been described and several stages 
of it are delineated in Figs. 5-14. The meiotic changes in the megaspore 
mother-cell nucleus are unmistakable; and though at diakinesis the pairing of 
the homologues is somewhat restrained, there appears to be neither a failure 
of synaptic conjugation nor a lagging of any univalent chromosomes at 
anaphase; the divisions are regular. The number of bivalents at diakinesis 
(about 18) and the number of chromosomes at anaphase of the homotypic 
division of the megaspore mother-cell nucleus correspond to the number of 
bivalents in the pollen mother-cell nucleus, and this number is clearly about 
half of that observed in the somatic mitoses in the nucellar tissues. 

Thus where reduction-division takes place, it is normal; but there are a 
good number of interesting cases which depart more or less from the typical 
course of development described. Cases of premature development of 
cytoplasmic radiations and vacuoles in the megaspore mother-cells 
have already been cited. Very often the first division-spindle of the 
megaspore mother-cell is found to be situated in the middle, instead of at 
the lower end of the cell (Fig. 8). The division, of course, is hetero- 
typic, but frequently, wall-formation between the daughter nuclei is either 
delayed or fails to take place. In the latter case, the subsequent division of 
the two nuclei becomes distinctly disturbed, the spindles being diversely 
oriented, often subnormal in size and in appearance and sometimes also 
irregular in behaviour. The division-stages then correspond neither to those 
of the megaspore mother-cell, nor to those of the embryo-sac mother-cell, 
but are exceedingly variable. In short, they present appearances which 
suggest that the normal course of development has been interfered with by 
the failure of wall-formation, and it appears as though these aberrant 
megaspore mother-cells do not develop further. In one case, for instance, 
a large megaspore mother-cell was observed to have remained without 
further development at a late stage, when most of the other ovules had 
reached almost the fertilisation-stage. It contained four free nuclei ina 
dense plasma, and it was evident that as spore-formation had not taken 
place, the cell could not develop into a normal U-shaped embryo-sac. 
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It must, however, be pointed out with equal emphasis that one now 
and then comes across a more or less fully developed embryo-sac with no 
evidence of degenerating megaspores at its base. Not in every one of 
these can it be a case of an early or rapid disintegration of non-functional 
spores. These instances, by no means to be overlooked, make it impossible 
to assert that megaspore formation is an essential part of the development 
of the mother-cell, and from the nature of the case, it is not possible to say 
what exactly determines the latter. It may very probably be chromosome 
reduction ; the significant point here is that whether a spore-tetrad is 
formed or otherwise, the first division of the megaspore mother-cell is a 
reduction-division, so far as the present observations go; and it is probable 
that where a reduction-division also fails, the cell does not develop further. 
It thus appears that though there is often evident a tendency on the part 
of the megaspore mother-cells to skip over tetrad-formation, reduction- 
division is still an essential feature of the development of the embryo-sac, 
Whether this rule too suffers from exceptions can be decided only by further 
studies on chromosome numbers at various stages. An exception was not 
met with in these studies, though a considerable number of reduction- 
stages were observed. 


It is interesting to recall here the corresponding stages of development 
in other species. Mention has already been made of B. globosa and 
B. elongata (Ernst) in which the megaspore mother-cell undergoes a 
mitotic division with the formation of two unequal cells, of which the 
smaller one is most often towards the base, sometimes also towards the 
apex. Such a division occurs in the majority of ovules; in the others, the 
mother-cell functions directly. The notable point in this is that, where a 
division takes place, either of the two cells is capable of giving rise to an 
embryo-sac (though usually the bigger cell does so), and often two embryo- 
sacs are formed. 

One will notice that in B. elongata and B. globosa on the one hand and 
B. dioica on the other, the line of phylogenetic advance as expressed by 
their tendency or normal behaviour, is not strictly comparable. In the 
former two, reduction-division has already been dispensed with, but some 
of the features of spore-formation still linger though they have no 
significance in the life-history. In B. dioica, reduction-division of the 
normal type prevails, but the perceptible tendency is to telescope the 
reduction-stages into the first two divisions of the embryo-sac mother-cell 
(Lilium-type) and thus dispense with spore-formation. 


(b) The Antipodal Fusion.—The fusion of the four antipodal nuclei 


soon after their formation in the antipodal arm of the embryo-sac seems to. 
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be a normal feature of the species now investigated. This is indicated by 
the fact that in all the developing embryo-sacs, the organisation of the 
antipodal arm proceeds side by side with that of the egg-arm, the divisions 
being simultaneous in the two; and by the fact that in all embryo-sacs, 
without exception, during endosperm formation, there is always a single 
large nucleus in the antipodal arm. The fusion itself has been observed in 
almost all its stages. 

Such a fusion has not been noticed in other species of Balanophora. As 
mentioned elsewhere in this account, in B. elongata, according to Ernst, 
sometime after the formation of the four antipodal nuclei, one of the latter 
becomes differentiated from the rest by an increase in size and persists for 
a long time after the complete disappearance of the others. This strongly 
suggests the possibility that the ‘differentiated’ nucleus is no other than a 
fusion-nucleus as in B. dioica; but Ernst seems to have observed the de- 
generation of other nuclei before their disappearance. If, however, their 
degeneration is only an inference from their disappearance, it is extremely 
likely that the antipodal nuclear fusion is as much a characteristic of 
B. elongata as it is of B. dioica, 

In other angiosperms, cases have been cited of the fusion of antipodal 
nuclei in Aguilegia, Clematis, Carum curvi and several species of Senecio 
among others (see Schnarf®). The phenomenon, in Balanophora at any 
rate, is of little significance. The fused nucleus is obviously quite function- 
less and gradually degenerates in situ. The behaviour of antipodal organs 
in angiosperms in general is so varied and often without significance that 
the present instance merely adds one more to the instances already seen in 


other plants. 
5. Summary. 


Investigations conducted on a South Indian form of Balanophora dioica, 
R. Br., show in the life-history of the plant a normal angiospermous sexual 
cycle with reduction-division (normal type) and a strong evidence ot fertili- 
sation. Three small megaspores cut out towards the basal end of the 
megaspore mother-cell by T-type divisions degenerate, and the functioning 
megaspore forms the typical U-shaped embryo-sac of Balanophora. The egg- 
apparatus is better organised than in the other investigated (parthenogene- 
tic) species and the egg does not show the appearances of degeneration 
observed in the others during the formation of the endosperm. The anti- 
podal nuclei undergo fusion among themselves soon after their formation, 
none of them being differentiated as the antipodal polar nucleus. The 
formation of the endosperm is more or less symmetrical and whien fully 
formed, the endosperm consists of about sixteen cells. The egg divides 
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after a short resting period, during which it remains prominent by its size 
and its dense contents and the appearance of the nucleus. The first two 
divisions of the egg are longitudinal, forming four equal quadrants 
which next divide periclinally. The outer cells so formed divide in the 
equatorial plane of the more or less globular embryo so that the latter 
consists of about twelve cells. No suspensor is formed. The egg comes to 
be buried amidst the endosperm cells by the growth of the latter round and 
over the egg. 

A tendency in the megaspore mother-cells to develop directly into 
the embryo-sac is perceptible; in such cases, the first division of the 
embryo-sac mother-cell is heterotypic, and the embryo-sac is of the 
Lilium-type. 
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EXPLANATION TO PLATE AND FIGURES. 


The magnifications given in the explanatory paragraphs below refer to the original 
drawing. The drawings have been reduced to % in reproduction. 
Piate LVI.—The collected form of B. dioica, R. Br. < about % (photograph). 
Fics. 1-4.—The Pistillate Organ. (1) & (2) Early stages in the development of the pistillate 
organ. The hypodermal archesporium consists only of two or three super- 
posed cells. >< 900. (3) A later stage, showing a central row of six cells, 
constituting the hypodermal archesporium. 900. (4) Almost fully 
developed pistillate organ with a megaspore mother-cell differentiated. \< 630. 
Fics. 5-14.—The Megaspore mother-cell. (5) The prophase of the reduction-division. ‘The 
nucleus is in the leptotene stage. The body (described in the text) is seen 
below in a constricted condition. (6) Diakinesis, showing the restrained 
conjugation of the homologues. (7) The telophase of the first division; 
the nuclear spindle is organised at the base of the cell. No vacuoles are 
formed. (8) Metaphase of the first division; the nuclear spindle organised 
in the middle of the cell. Vacuoles formed. (9) to (12) The second 
division in the megaspore mother-cell. (10) to (11) Second division leading 
to the formation of the typical megaspore tetrad; normal type. (10) shows 
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The investigated form of Balanophora dioica, 
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a cytoplasmic mantle round the nuclear spindle. (9) and (12), second 
division aberrant, due apparently to the failure of wall-formation after the 
first division. (i3) The megaspore-tetrad. Typical orientation of the spores. 
(14) The functioning megaspore with the non-functioning ones at the base, 
the latter degenerating and the former developing cytoplasmic radiations 
leading to the formation of vacuoles. All the figures <x 1800. 


Fics. 15-26.—The embryo-sac. (15) The first division of the embryo-sac mother-cell nucleus. 


A transitory cell-plate is formed. (16) The binucleate embryo-sac. The 
degenerating megaspores are in the next section. The progressive vacuola- 
tion in Figs. (15) and (16) is noteworthy. (17) The growth of the lower 
pole of the binucleate embryo-sac. Degenerating megaspores at the base. 
(18) The binucleate embryo-sac, later stage. The originally-lower pole of 
the embryo-sac can be distinguished by the cap of flattened cells, which 
are crushed by the lower pole of the sac in its upward growth. These and 
the degenerating megaspores at the base are unmistakable, as at this stage, 
no other wall-cells are in a state of disintegration. (19) The four-nucleate 
embryo-sac. The egg-pole can be distinguished by its bigger size. 
Degenerating megaspores at the base. (20) The eight-nucleate embryo-sac, 
before the organisation of the egg-apparatus. Two transitory cell-plates 
are seen at the egg-pole of the embryo-sac. [Figs. (19) and (20) are 
drawn from preparations of the Khasia-form.] (21) The egg-apparatus 
and the polar nucleus at the egg-pole. The former is slightly displaced out 
of its normal position. The synergid-vacuoles are not yet fully developed. 
(22) & (23) Pollen-tube at the egg-pole of the embryo-sac. In (23), the 
pollen-tube has passed through a synergid, which is disintegrating. (24) & 
(25) The fusion of the antipodal nuclei. (26) The embryo-sac showing the 
fused antipodal nucleus and the fertilized egg; the latter is surrounded all 
round by the protoplasm of the egg-pole. Figs. (15) to (21) and (26) 
1200, and (24), (25) 2700. 


Fics. 27-36.—Endosperm- and Embryo-Formation. (27) The first division of the polar nucleus. 


The egg is displaced from its normal position which is easily made out above 
the nuclear spindle. In the vicinity of the egg are the degenerating synergids 
and the remains of the pollen-tube. (28) The division of the first endo- 
sperm-cell. A part of the large basal cell has been shown below the first 
endosperm-cell. On either side of the egg are degenerating synergids and 
the remains of the pollen-tube. (29) The formation of the endosperm; the 
four-celled stage, only two of the cells being shown in the section. The 
egg is prominent by its dense contents. Degenerating synergids at the top 
and the large basal cell at the bottom have been shown. (30) The eight- 
celled stage of the endosperm. The basal cell is flattened out partly by the 
growth of the endosperm and partly by plasmolysis due to fixatives. The 
size and the prominence of the egg is noteworthy. (31) The twelve-celled 
stage of the endosperm. The egg is exceedingly prominent. (32) The first 
division of the egg. (33) The longitudinally-divided egg. Both in (32) 
and (33), the endosperm is twelve-celled. (34) & (35) The sixteen-celled 
(fully formed) endosperm, enclosing the eight-celled embryo. (34) is a 
longitudinal section, and (35), transverse. Vacuolation is complete both 
in the embryo and in the endosperm. The difference between the endo- 
sperm and the embryo in the appearance of the nuclei and the nature of 
vacuolation is striking. (36) The twelve-celled embryo, fully formed, in 
longitudinal section. The peripheral cells have divided in the equatorial 
plane. Figs. (22) to (23) 1250; (34) to (36) x 900, 


ON TWO SPIRAL ORGANISMS LIVING IN THE 
INTESTINAL TRACT OF GALLINULA CHLOROPUS L, 


By Cor. I. FRomANO DE MELLO 
(Nova-G6a). 
Received February 12, 1935. 


THE intestinal tract of Gallinula chloropus L,. harbours two spiral organisms 
which I will try to classify in this note. As far as I am aware no such 
organisms have been described on birds in India. In the literature at my 
disposal I see that Lebailly! has pointed out intestinal spirochetes in some 
birds in France. 

The intestinal contents of our bird have been studied through wet fixation 
by sublimate alcohol or Bouin and staining by Heidenhain’s iron hematoxylin. 
Some dried smears stained by Romanowsky have also been examined for 
comparison. 

Type A.—The first organism is a very thin spirochete, 0-2 to 0-25 
microns broad. Pointed ends. Transverse division. In very rare cases 
granular transformation in coccoid bodies of Laveran Fantham. 

100 organisms have been drawn hy me at camera lucida and their exact 
measurements, after rectifications of the coils, taken by my pupil Emidio 
Afonso to whom my best thanks. At the same time we have registered the 
number of spires in order to find my index of morphological identification 2345, 

These elements are recorded in the following table :— 


Length in microns Number of coils 
4-5 2 2 
4 5 to 5-5 30 3 
4 6 to 6-5 30 4 
8 7 to 7-5 14 5 
22 9to 9-5 14 6 
14 10 to 10-5 4 1 
10 11 to 11-5 4 8 
10 12 to 12-5 2 11 
6 13 to 13-5 
2 14 


Resuming these elements, we have the following characters of this spiro- 
chete: Breadth 0-2 to 0-25 microns. Length min. 4-5; max. 14 ; majority, 
or 82% 7 to 12-5. Number of spires: min. 2; max. 11; majority or 88% 
3 to 6. Index of morphological identification (relation between the average 
length and the number of coils taken on 100 spirochetes) 1-6. 
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I classify this spirochete as an avian variety of Spirocheta eurygirata 
Werner emend Fantham and for comparison the following data obtained by 
me concerning the same spirochete in other animals are given.— 


Animal Length in micron Breadth | Number of Spires Index 
Max. Min. Maj. Min, Max. Maj. 

Man .{3 11 0-2-0-25 | 2 13 0 -9-1-2 
Horse | 4 12 —— 0-2-0-4 2 9 ee 1-4 
Sheep | 2 14 0-2-0-4 |2 9 0-9-1-4 
Pig 3 10 0-25-0-30|2 9 1 -04-1-6 
“yar 9 10 22% | 
Var. Il. 3 13 0-25-0-30 2 12 1:3 
Goat 2 15 0-25-0-40 | 3 14 0-9 
Dog 4 13 ? 3 8 1-3 
Mus Rattus 2 5 7 0-20 2 6 - 0-8 
Rabbit 3 10 [2 7 8% | 1,3 
Guinea Pig 3 10 0-25-0-5 |2 6 1-58 
Mule 412 8 | 
Cat 3 10 0-20-0-25 ]2 11 1-4 
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TyPE B.—This type is very large, having 1 to 2 microns breadth, 
One of its ends is blunt and it is directed forward when the organism is moving, 
The posterior end is as a truncated cone. 


On the anterior blunt end a strong basal granule gives origin to two long 
flagella, 6 to 8 microns long. From the basal granule an axoneme runs 
longitudinally, following the coils of the body, sometimes as a strongly 
syderophyl band, sometimes asa line of very minute granules specially put into 
evidence by Romanowsky. The chromophy] substance expands near the 
coils till the periplast, giving to this axoneme an appearance much alike to an 
undulating membrane and to the whole organism a room-chambered structure 
so commonly found in spirochetes. The posterior end continues with a 
single trailing flagellum, shorter than the anterior ones. Stained by Fontaua 
the organism shows only the room-chambered structure referred to above. 


The following are the measurements taken by the same pupil Afonso 
on 100 organisms drawn by me at camera lucida :— 


Length in microns Number of coils 

2 7 6 

4 8-8 -5 13 

9 9-9-5 | 25 5 
14 10-10 -5 32 6 
11 11-11 -5 | 18 7 
18 12-12 -5 | 2 9 
17 13-13-5 

3 14-14 -5 | 

9 15-15-5 | 

5 16-16 -5 

17-17 -5 

3 18-18 -5 

1 19 
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20 micz. 
Fig. 1. Fig. 2. 
Spirocheta eurygirata of the intestine of Schematic figures showing the structure 
Gallinula chloropus. of Spirella gallinule@ sp. n. 


Resuming : breadth 1 to 2 microns; length min. 7, max. 19; majority 
or 81% between 9-15} microns; number of spires min. 3, max. 9; majority 
or 88% between 4-7. Index of morphological identification 2-03 or 2. 


I classify this type as belonging to the genus S#irella created by Duboscq 
and Lebailly in 19126 :— 

** petite spiruline qui serait pourvue d’un cil a chaque pole. Certains individus issus 
sans doute d’une division transversale 1écente, paraissent manquer de cil & une des 
extremités ou n’avoir Ja tout au plus qu’un court prolongement. Le corps est constitué 
par un filament épais contourné en hélice, 4 pas serrés et A tours plus ou moins nombreux 
Seaees les cils terminaux mesurent 3 & 4 microns, quelle que soit la longueur du corps.... 
par le Giemsa le corps se colore en bleu et montre de nombreux grains rouges distri- 
bués en série assez reguliére, souvent par couples.... A’chaque péle, a la base du cil, 
est un corpuscule chromatique trés bien mis en évidence par l’argent, se colorant en 
rouge par le Giemsa et le Mann. C’est le granule basal découvert pas Swellengrebel 
(1907) chez Spirillum giganteum et comparé par Fuhrmann a un blépharoplaste.’’ 

Spirella regaudi noticed by Regaud in 19097 has been studied and 


almost uniformly described by some authors among which Edkins* and Lim’®. 


Our Spirella differs from the genotype on showing two anterior flagella 
but I believe that this character is rather specific. 
The Spirella of Gallinula chloropus will be named Spirella gallinule sp. n. 
Summary. 


Two spiral organisms have been found in the intestinal tract of Gallinula 
chloropus : one, type treponema, identified as an avian variety of Spirocheta 
eurygirata Werner emend Fantham, the other, type Spirella, differing from the 
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genotype S. regaudi in having two anterior flagella and classified as Spirella 


gallinule sp. n. 


1. Lebailly, Ch. 
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Introduction. 


In 1916 Miss Holden founded the genus Dipterocarpoxylon on a block of fossil 
wood from the Irrawadi Series (Tertiary) of Burma, which she described as 
D. burmense. Since then a number of other species have been assigned to 
this genus, so that at present there are no less than nineteen forms referable 
to it. While the majority of these forms are probably members of the 
Dipterocarpacee, the affinity of the original species D. burmense with this 
family seems to be open to much doubt. During a review of the genus 
Dipterocarpoxylon,* undertaken at the suggestion of Prof. Sahni, I had already 
(in Jan. 1934) come to the conclusion that D. burmense was not a member of 
this family ; and my doubts were soon confirmed by a reference to Dr. 
Bancroft’s paper, published in 1933, which did not become available to me 
till July 1934. 

In her valuable contribution to the Geological History of the Diptero- 
carpacee Dr. Bancroft tentatively suggests that D. burmense may belong to 
a Meliaceous tree (Bancroft, 1933, p. 84). My critical examination of Miss 
Holden’s sections and of some larger sections prepared from the original block, 
has led me to the view that the fossil shows closer resemblances with the wood 
of an Ebenacee and the Anacardiacee. Without committing myself to a 
definite opinion regarding its affinities I have redescribed the fossil and placed 
it in a new genus Irvrawadioxylon (p. 5 below). 
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* Expected to be published in the next isue of this journal. 
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Frankfurt, I am thankful for some useful references to literature. Lastly, 
my thanks are due to the authorities of the Lucknow University for financial 
help during the course of this work. 


Critical Remarks. 


Miss Holden’s description of this species was based upon small sections 
made from fragments chipped off with a hammer. With the kind permission 
of Mr. Brighton some further sections of much larger size were prepared from 
the original block at .ucknow for comparison with her slides. After a critical 
examination it appears that in describing this wood too much stress was laid 
on characters which are not confined to the family Dipterocarpacee but are 
widely distributed. One of such characters is the occurrence of tangential 
bands of parenchyma. On the other hand, some of the important features 
of the fossil, like the structure of the medullary rays, could be more profitably 
compared with structures among other families. The main features in the 
anatomy of this wood are the presence of scattered tylosed vessels, thin tan- 
gential bands of parenchyma, sometimes occurring in bands, and the invariably 
uniseriate nature of the medullary rays which become 2-3 seriate only when 
associated with a resin canal. ‘The structure of the rays alone suffices to 
preclude a Dipterocarpaceous affinity. 


Affinities of D. burmense. 


On the other hand, the fossil can be compared more usefully with some 
of the Ebenales. According to Solereder the family Ebenacez has narrow 


Fig. 1. Xx46%. Fie. 2. x46%. Fie. 3. x46%. 


Fics. 1—3. Tangential sections showing the general distribution of the med. rays: 
1. Irrawadioxylon burmense, 2. Gluta tavoyana. 3. Diospyros embryopteris. 


= 


“ay 

= 

\ 

| 

: 


astly, 
incial 


tions 
ssion 
from 
itical 
laid 
t are 
ntial 
cures 
ably 
the 
tan- 
ably 
vhen 
to 


ome 
TOW 


ys: 


Remarks on Dipterocarpoxylon burmense Ho/den 551 


medullary rays (1-2 ser.), scattered vessels with simple perforations and 
tangential bands of parenchyma sometimes only one cell in thickness (Sole- 
reder, 1908, p. 518). Some of Miss Holden’s slides of D. burmense and the 
sections prepared by the author at Lucknow are reproduced in the present 
paper (Figs. 10, 12, 13, 14, 15, 17, 18, 19) to show their resemblances with 
the Ebenaceous wood, Diospyros embryopteris (Figs. 3, 8, 11, 16). Moll and 
Janssonius (1925, pp. 437, 467-468) describe this wood as having no sharply 
marked growth-rings, scattered vessels sometimes radially arranged in groups 
of 2-4 (cf. Dipt. burmense). The height of the rays varies from 8 to 30 cells. 
The distribution of parenchyma, which is a very variable feature, stretches 
tangentially through 4-15 prosenchyma cells. These authors also describe 
(loc. cit., Fig. 264) in a cross-section of Diospyros macrophylla, a condition 
somewhat comparable to that in Dipt. burmense. Similarly the cross-section 
of the wood of Diospyros virginianum Fig. 83 a (Engler and Prantl, 1897, 
p. 154) may very well be compared with Dipt. burmense. 

The other family with which D. burmense can be fruitfully compared is 
the Anacardiacee (Figs. 2, 6, 9). On the basis of anatomical characters 
Moll and Janssonius divide this family into three groups. The first two 
groups with which we are concerned are represented by Buchanania, Mangifera, 
Gluta, Semicarpus, etc. These two groups are characterised by narrow 
(1-2 ser.) medullary rays, short or long tangential bands of parenchyma and 
the ground substance consisting of thin-walled parenchymatous cells. The 
third group represented by Spondias and other genera has broad (5-7 ser.) 
medullary rays, no tangential parenchyma and the thick-walled prosenchyma 
(Moll and Janssonius, 1911, pp. 447-449). The ge canals are not con- 
sidered important as group characters in this family by Moll and Janssonius, 
perhaps because these have been found in the woods, cortex and the medullary 
rays (Solereder, 1908, pp. 244-248). According to Engler, Jardin and Solereder, 
medullary resin canals (cf. D. burmense) are present in numerous plants such 
as Buchanania, Mangifera, Anacardium, Gluta, etc. (Solereder, loc. cit., p. 248). 
The structure of Miss Holden’s Dipt. burmense can be advantageously 
compared * (see Text-Figs. 1, 2, 5-8) with an Indian species of Gluta, 
G. tavoyana* in some respects, namely, scattered tylosed vessels, sometimes 
radially arranged, tangential parenchyma bands and the structure of the 
medullary rays in general (Figs. 5, 6, 7, 9); although the height of the rays 
in Gluta seldom goes beyond 15 cells whereas in Dipt. burmense it may exceed 
thirty cells. 


* I am thankful to Mr. K. A. Chowdhury of the Imperial Forest Research Institute, 
Dehra Dun, for the material of Gluta and first pointing out to me the presence of such canals 
in an Indian sp. G. tavoyana, 
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Fic. 4. x60. Fie. 5. x100. Fig. 6. 


Fic. 4. Tangential section of Anacardiorylon uniradiatum Felix, showing the 
distribution of uniseriate rays, compare Fig. 13 of J. burmense. (Copied from Pl. VIII, 
Fig. le of Felix’s paper.) 


Fics. 5—6. Tangential sections showing the shape of the ray cells and the 
secretory canal in J. burmense (Fig. 5) and Gluta tavoyana (Fig. 6). 


Among the fossil Anacardioxyla, Anacordioxylon uniradiatum Felix 
comes nearest to our fossil in view of its similarities in uniseriate rays (Fig. 4) 
and scattered vessels which are sometimes arranged in radial rows (Felix, 
1894, pp. 92-93). But Dipt. burmenseis quite distinct in having also broader 
medullary rays with resin canals, thin tangential parenchyma bands and 
in not having vasicentric parenchyma which is present in Anacardioxylon 
univadiatum Felix. 

Another Anacardiaceous fossil wood is Glutoxylon assamica (Chowdhury, 
1934, p. 255). Chowdhury’s figures and his brief description of this poorly 
preserved specimen do not permit a detailed comparison, although a few 
points of resemblance, like the occurrence of uniseriate and multiseriate 
rays, the latter with resin canals, are worth mentioning. In view of this 
it would seem advantageous if we could transfer Miss Holden’s Diptero- 
carpoxylon burmense to a new genus. 


Irrawadioxylon Gen. nov. 


Vessels round, usually scattered, occasionally forming a small radial group ; 
their radial and tangential walls simply pitted. Medullary rays invariably 
uniseriate, rarely multiseriate. Ray cells nearly squarish in radial section. 


Height of rays 2-30 cells in tangential section. Parenchyma in thin tangential 
bands. Resin canals may be present. 
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Trrawadioxylon burmense (Hold.) Gupta. 
Round and tylosed vessels, usually scattered, sometimes arranged in 


a small uniseriate radial group, with their tangential and radial walls simply 
pitted. Medullary rays uniseriate but bi- or tri-seriate when associated 
with a resin canal. Rays 2-30 cells high. Parenchyna in thin tangential 
bands. 


The wood is uniform, with no clear indication into annual rings. The 
appearance of a concentric arrangement on the solid block is due to the 
presence of thin parenchyma bands (Figs. 10, 17, 19). The vessels are large 
and tylosed, often occurring in radial groups (Figs. 15, 19). The parenchyma 
bands are not always necessarily double as described by Miss Holden (Fig. 
10 from her type slide), but the investigation of a larger section (Fig. 17) 


Fic. 7. x100. 


Fic. 8. x100. Fie. 9. x100. 


Fics. 7—9. Radial sections showing the shape of the med. ray cells: 
7. I. burmense. 8. G.tavoyana. 9. D. embryopteris. 


reveals the presence of single as well as three or more bands (Fig. 19) occur- 
ring at the same place. The medullary rays are almost invariably uni- 
seriate ; multiseriate rays (2-4 cells wide) have also been discovered but 
these are usually associated with a secretory canal (Figs. 5, 18). This canal 
has only been made out in tangential sections of the wood. The height 


of the rays is not only 6-20 cells as described by Miss Holden but sometimes 
Bé6a 
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it is over thirty. There is no trace of tangential rows of secretory canals 
and vascicentric parenchyma in the wood as described by Miss Holden in 
her specimen. 

We may now briefly consider some other fossil woods which may 
possibly belong to the same genus (Irrawadioxylon), although a re-exami- 
nation of these is necessary for a definite conclusion. Sen’s supposed Dip- 
terocarpaceous wood from the Pliocene of Lalmai range, Bengal (Sen, 1930, 
pp. 139-141), is one of such specimens. This material has been briefly 
described by Sen without any illustrations to show its resemblances with 
D. burmense. It may also be suggested that Colani’s D. annamense (Colani, 
1919, pp. 1-8) may on re-examination prove to be a species of [rrawadi- 
oxylon in view of its great similarities with D. burmense. As _ regards 
D. porosum (Stopes) Krausel (see Stopes, 1912, pp. 91-93; Krausel, 1922, 
p. 6), I am in close agreement with Dr. Bancroft’s view: ‘‘On various 
grounds, therefore—its isolation in time and space; absence of associated 
vegetative and reproductive remains; present geographical distribution 
of the Dipterocarpacee ; and the structure of the fossil itself—-Woburnia 
porosa must be considered as a doubtful aspirant to inclusion amongst the 
Dipterocarpoxyla’’ (Bancroft, 1932, p. 87). 


Summary. 


The type specimen of Miss Holden’s species D. burmense has been 
critically examined and here redescribed under a new genus Irrawadioxylon. 
It has been shown to be definitely not a Dipterocarpoxylon at all. On the 
other hand it shows greater resemblance with Ebenaceous and Anacardiacous 
woods such as Diospyros and Gluta respectively. 

The structure of Ivrawadioxylon burmense (Hold.) Gupta has been com- 
pared with that of the modern woods Diospyros embryopteris and Gluta 
tavoyana and also with the fossil woods Anacardioxylon univadiatum Felix 
and Glutoxylon assamica Chowdhury. 
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(English Translation.) 

.. “Fossil wood of the Dipterocarpoxylon type from the Lalmai 
range in Comilla, Bengal,” Quart. Journ. Geol. Mining and 
Metallurgical Soc. of India, 1930, 2, 139-141. 


EXPLANATION OF THE PLATE. 
(All the photographs are taken by the author.) 


10.—I/rrawadioxylon burmense (Hold.) Gupta. Type slide 814 (Cambridge, Bot. Sch. 
Coll.). Trans. sec. showing the general distribution of vessels and thin paret- 
chyma bands. 25. 

11.—Diospyros embryopteris. Trans. sec. showing the general distribution of vessels, 
sometimes radially arranged (cf. Fig. 15 of J. burmense), thin tangential bands 
of parenchyma and the uniseriate medullary rays. )< 150. 

12.—Irrawadioxylon burmense (Hold.) Gupta. Rad. sec. showing the shape of the 
medullary ray cells. >< 150. 

13—J. burmense (Hold.) Gupta. Tang. sec. showing the uniseriate rays. >< 100. 

14.—Irrawadioxylon burmense. (Hold.) Gupta. Type slide 815 (Cambridge, Bot. Sch. 
Coll.). Rad. sec. showing general distribution of medullary rays. 25. 

15.—Irrawadioxylon burmense (Hold.) Gupta. Trans. sec. showing radial arrangement 
of vessels, uniseriate medullary rays and tangential bands of parenchyma. x 90. 

16.—Diospyros embryopteris. Tang. sec. showing the uniseriate rays. (cf. Miss Holden’s 
Fig. 3 of her paper on D. burmense and Fig. 13 in the present paper.) >< 100. 

17.—Irrawadioxylon burmense (Hold.) Gupta. Trans. sec. nat. size. 

18.—Irrawadioxylon burmense (Hold.) Gupta. Tang. sec., one medullary ray having 
a sec. canal in the centre. >< 150. 

19.—Irrawadioxylon burmense (Hold.) Gupta. Trans. sec. showing the distribution of 
vessels, parenchyma bands and the medullary rays. < 25. 
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Introduction. 


THE material on which the following notes are based was collected by Mr. 
F. T. Brooks, F.R.s. and given to Professor B. Sahni at Cambridge more 
than sixteen years ago. A preliminary examination of this was made by 
Prof. Sahni and the author and some interesting observations were communi- 
cated in a joint paper to the Indian Science Congress in 1924 (Sahni and 
Pandé, 1924). Later on Prof. Sahni very kindly entrusted a detailed investiga- 
tion of this material to the author who takes this opportunity to tender his 
most sincere thanks both to him and to Mr. Brooks. 


Mr. Brooks collected these plants near Kuala Lumpur, where they were 
growing as epiphytes on palm trees. They were originally preserved dry, 
but their form was restored by soaking in water and transferring to a mixture 
of alcohol and glycerine. 


Niphobolus adnascens, to judge from the literature, is one of the commonest 
epiphytic ferns in the tropics. It is, therefore, particularly suitable as an example 
of a xerophytic type among a class of hygrophilous plants. The external 
characters and the anatomy have already been described by Giesenhagen (1901), 
Beddome (1892) and Hooker (1864). My observations on the whole agree 
with those of Giesenhagen. My chief object here is to draw attention to 
certain structural features of physiological interest which seem to have 
escaped notice. 

External morphology. 


The rhizome of N. adnascens. is long and creeping. It bears dimorphous 
leaves, tangled masses of roots (Fig. 1) and is thickly covered with ramental 
scales. Generally the scales are shield-like (Text-Fig. 1 a2) but sometimes 
they may be triangular (Text-Fig. 1b). Mixed with the scales are found 
a few stellate hairs. 
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The thick and fleshy sterile leaf is variable in outline and is provided 
with stellate hairs (Text-Figs. 2a and b) on both the surfaces. Each hair 
consists of an expanded star-shaped body and a minute stalk which fits into 
a small depression on the surface of the leaf (Text-Fig. 3). 


IWS 
_TExt-Fia. 3. Part of leaf section with 
b 


a Stellate hair, x185. 
TExtT-Fic. 2. Stellate hairs. x100. h—body. s—stalk. 


The fertile leaf is very much longer than the sterile one. Its lower surface 
in the fertile region is covered with a rich growth of stellate hairs. The 
distribution of thesori is shown in Fig.2. Each sorus lies in a cup- 
shaped cavity. The sunken nature of the sorus gives better protection to 
the developing sporangia and is apparently a xerophytic adaptation. Mixed 
with the sporangia are found long-stalked stellate hairs (Text-Fig. 4). 


TextT-Fic. 4. Stellate hair from Trext-Fic. 5. Root-hairs. 
sporangial region. x100. b—swollen basal part. 2—septum. 


The roots are repeatedly branched and form thick inter-woven masses 
(Fig. 1). They are clothed with a dense covering of tough and 
persistent root hairs (Fig, 5). In the older parts of the roots these 
grow out to a length of amm. or even more. According to Haberlandt (1914, 
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p. 224) two epiphytic ferns from the Malay Archipelago, Drymoglossum num- 
mularifolium and D. pilosellotdes, possess exceptionally resistant and long- 
lived root-hairs. In these ferns, when a root-hair dries up, because of long 
continued drought, the cytoplasm and nucleus retreat to the basal portion 
of the hair which then becomes constricted and is ultimately cut off from the 
rest of the hair by a septum. The upper part of the hair thus separated 
is then cast off. On the access of water the dormant piliferous cell gives rise 
to a new root-hair. Whether the root-hairs of N. adnascens also behave in a 
similar manner is not possible to say definitely from the preserved material 
at the disposal of the author. In a few cases, however, a thin septum was 
seen separating the swollen basal portion from the rest of the hair (Text- 
Fig. 5.x). 
Anatomy. 

Root.—On the periphery of the root are found two or three layers of 
cortical parenchyma. Almost each one of the outermost cells of this tissue 
grows out into a persistent root-hair. Another special feature of the cortex 
is the presence of spiral thickenings on the walls (Text-Fig. 6 and 
Fig. 6). In between these thickenings often occur round pit-like structures. 
Giesenhagen (loc. cit., p. 34) has recorded spiral thickenings and round pits 
(rundlichen Tiifeln) in Niphobolus. In N. penangianus (p. 35, Fig. 6) he 
has figured these thickenings in the form of oblique bands with the pits in 
between them. These cortical cells, as recognised by him, possess a striking 
resemblance to the velamen cells of epiphytic orchids. Within the thin- 
walled cortex is a zone of sclerenchyma which éncloses a diarch stele. 


Aes 


Text Fig. 6. A few cellsfrom tangential Text-Fia. 7. Peltate scale as seen in T. 8. 


section of root with spiral thicken- of rhizome. X180, 

ings and pits. x375. s—stalk. b--body. 

The root system of N. adnascens thus shows interesting adaptations 
in external characters as well as internal anatomy. The spongy mass of 
roots, as pointed out by Giesenhagen (loc. cit., p. 33), apart from functioning 
as a fixing organ, serves to collect water and humus. The food material 
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brought downwards by the currents of water along the branches of the tree on 
which the epiphyte is growing, as it passes through the meshes of the root- 
felt, will be retained as in a filter. The velamen-like character of the outer 


cortex would probably render possible the absorption of moisture directly 
from the atmosphere. 


Rhizome.—The structure of the rhizome as seen in a transverse section 
is shown in Fig. 3. The peltate scale pierces through the thin-walled 
parenchyma and is joined on to the sclerenchyma. In the central region 
the scale is several cells thick but it is only one cell thick towards the 
margins. The stalk is several cells thick and ends below in a somewhat 
expanded foot (Text-Fig. 7 and Figs. 3 and 4). The entire apparatus looks 
very much like the absorbing scales of certain Bromeliacee, e.g., Tillandsia, 
Giesenhagen (loc. cit., p. 30) has already drawn attention to this resemblance, 
but he remarked that sufficient experiments must be done on living material 
before it could be said that the scale has any significance apart from that of 
protection. While it is true that conclusive evidence of the absorptive nature 
of the scale in N. adnascens can only be obtained by experimenting on living 
plants, its striking resemblance to the scale of the Bromeliacee and the condi- 
tions under which the fern grows are so significant that the absorptive func- 
tion seems highly probable. (Compare for example, Text-Fig. 7 and Fig. 4 


Text-Fic. 8. T.S. of leaf (Upper part only). 100. 


e—epidermis, w—water-tissue, 


ee 
‘ 
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of this paper with Schimper’s (1903) Fig. 167, p. 326 and Engler and Prantl 
(1930) Figs. 33 C, p. 75, 34 A-D and 35 B-C, p. 79.) 

Sterile leaf —Text-Figs. 8 and 9, which represent transverse sections of 
the leaf in parts, show the different tissues. 


Text-Fic. 9. T.S. of leaf (Lower part only). X97}. 
sp—spongy mesophyll. e—epidermis. 


The epidermal cells except those that constitute the stalks of the 
stellate hairs are more or less thick-walled. The thin-walled stalk cell of 
the hair is somewhat sunken below the general level of the epidermis and 
contains a nucleus and abundant cytoplasm (Text-Fig. 3 and Fig. 8). Its 
histological characters together with the fact that a thin dry leaf readily 
absorbs water when supplied to it, so that in a short time it becomes turgid 
and appreciably thicker (Text-Figs. 10 and 11), suggest that the hairs are 
absorptive organs. In Polypodium polypodioides (Pessin, p. 381) the scales 
on the leaf may facilitate an equal distribution of rain water present on 
the leaf also may absorb this water and may pass it to the internal tissues 
of the leaf. 

In section the hair (Text-Fig. 3 and Fig. 8) looks very much like the 
scale from the rhizome (Text-Fig. 7 and Figs. 3 and 4). 

Underneath the epidermis are found two or three layers of hypodermal 
cells. These cells, as we proceed towards the inner region of the leaf, in- 
crease in size. Below these cells occur three or four layers of large paren- 
chymatous cells. This is the water storage tissue. Its cells are constructed 
like the bellows of a photographic camera or like a concertina (Text-Fig. 8 ; 
Fig. 7) and are collapsible into a small space. During the period 
of drought, as the water diminishes, these cells gradually fold up and the 
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A B 


B 
TExT-Fig. 10. x1. TeExtT-Fie. 11. X1. 
A—- Leaf soaked in water. A—Leaf soaked in water. 
B—Same when dry. B—Same when dry, 


leaf appears thin. On the advent of rains they expand again as they become 
filled up with water. 


The water tissue occupies about half the total thickness of the leaf 
and shows a striking similarity to the water tissue of Aechmea (Pothuava) 
skinnert K. Koch, a member of the Bromeliacez (Engler and Prantl, 1930, 
p. 74, Fig. 32 B). In the leaves of Passerina filiformis and P. falcifolia, 
Thoday (1921) observed that both the epidermis and mesophyll contract 
in drought and the palisade may show fine bellows-like foldings of the walls. 
The leaves of N. adnascens also show great contraction in volume as they 
dry up and the cells show fine bellows-like foldings of the walls. That the 
cells of the leaf are capable of great contraction and expansion is also de- 
monstrated by the experiments recorded below. A few leaves from the 


ickness of dr Thickness of section | ’ Percentage capacit 
xpansion of dry leaf. 
106 212 106 100 
132 224 92 70 
122 224 102 84 
120 200 80 66 
106 204 98 92 
130 210 80 61 
160 220 60 37 
134 224 90 67 
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alcohol material were dried by exposure to the sun. Sections were cut 
from these dried leaves and measured. When transferred to water they 
were noticed to expand almost immediately. After these had been in water 
long enough, measurements were taken again. The above table gives 
some of these measurements in microns from the middle part of the 
leaf, 

From these experiments it is evident that even the leaf from alcohol 
material is capable of contraction upto almost double its thickness. The 
water tissue constitutes about half the total thickness of the leaf and is 
largely responsible for these changes (Text-Figs. 12 A and B). 


TExtT-Fig. 12. x40. 
A—T. S. of leaf soaked in water. B—Same when dry. 

In Peperomia trichocarpa according to Haberlandt (1914, p. 401, 
Fig. 159) the cells of the water storage tissue are also constructed like the 
bellows of a camera and are chiefly responsible for the contraction which 
the leaf suffers on desiccation. 

The cells of the palisade parenchyma are similar to those of the water 
tissue in outline. Lower down they pass into the cells of the spongy 
parenchyma. These latter are very loosely packed and are drawn out 
into a number of processes which meet with those of the neighbouring cells. 
The cells of the various tissues of the leaf are abundantly pitted. 


; 
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Summary. 

Niphobolus adnascens shows well-marked xerophytic adaptations. It 
possesses admirable modifications for the absorption as well as the storage 
of water. The profusely branched felt-like root system with its persistent 
root-hairs acts like a sponge to retain water and nutrient material; while 
the velamen-like cells of the outer cortex undoubtedly serve to absorb 
moisture directly from the atmosphere as in the case of epiphytic orchids 
and aroids. ‘The hairs on the leaf, as probably also the scales on the rhizome, 
apart from functioning as protective organs, form an efficient apparatus 
for water absorption. The concertina-like extensible and collapsible cells 
of the leaf form an excellent water storage tissue. 
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EXPLANATION OF FIGURES. 
Pirate LVIII. 


Fig. 1. Niphobolus adnascens 9/20. 

Fig. 2. A portion of fertile leaf to show the distribution of sori. 3 1/3. 

Fig. 3. Photomicrograph of T. S. of rhizome. 56. 

Fig. 4. Photomicrograph of a portion of T. S. of rhizome. < 188. 

Fig. 5. Photomicrograph of L. S. of root. 53. 

Fig. 6. Photomicrograph of a portion of L. S. of root showing pits and spiral thickenings or 


“cortical cells. >< 249. 


Fig. 7. Photomicrograph of a leaf section (upper portion only) ; w—water storage tissue. 
x 87. 
Fig. 8. Photomicrograph of a part of T. S. of leaf showing absorbing hair. <x 249, 
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7. Occurrence and Description. 


Tuis species of rice was originally obtained from Ceylon and has been growing 
in the Paddy Breeding Station, Coimbatore, for the last twelve years. It is 
a perennial plant, spreads rapidly by rhizomes and the natural setting of 
seed is greatly hindered by its peculiar blooming habit (Ramiah, Partha- 
sarathy and Saravayya, 1925). Asin any other wild rice the few grains that 
do occasionally set shatter badly even before they are fully mature. Although 
it was originally raised from seed, subsequent propagation has been mainly 
from rhizomes which lie dormant during the off-season, February to July, 
and shoot up again with the receipt of irrigation water in July. In the field 
where this species has been growing, during 1934-1935 season, a clump of 
shoots was noticed which resembled generally other plants of the species, 
but was characterised by thicker stems, darker pigment on internodes, broader, 
darker and thicker leaves and larger spikelets (Plate IX). The pollen on 
examination was generally bigger than in the normal plant and showed con- 
siderable amount of abortion. This plant on cytological examination turned 
out to be a tetraploid. There is no record, as far as the authors are aware, 
of a tetraploid in this species, although recently Nakomori (1933) in Japan 
has reported the appearance of tetraploid in the F, progeny of an intervarietal 
cross in Oryza sativa. 


2. Meiosis in Pollen Mother-Cells. 


Aceto Carmine smears (Belling, 1926) and permanent sections stained 
with Iodine-Gentian-Violet (La Cour, 1931) were prepared of the pollen 
mother-cells for study of meiosis. Stages earlier to diakinesis were not investi- 
gated. At diakinesis, the chromosomes were found largely in tetravalent 
groups in the form of rings, rods, Xs and $s, although bivalents and occasionally 
univalents were also noted (Fig. 1). The usual number of quadrivalents 
noted at diakinesis and first metaphase (Fig. 2) was ten or eleven although 
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Fias. 1-8. 
occasionally cells with as few as seven were alsofound. Lagging chromosomes 
were frequently seen at anaphase and some of the univalents were also seen 
to divide late on the spindle. In many instances, at telophase, some chromo- 
somes were seen drawn out, extending through a major part of the spindle even 
from pole to pole occasionally (Fig. 3). Such tardy and incomplete dis- 
junction is probably the result of incomplete terminalisation of interstitial 
chiasmata, which persist up to metaphase. By actual counts at first anaphase 
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it was found that out of eighty cells as many as sixty showed laggards. At 
times the chromosomes were seen lying off the spindle free in the cytoplasm. 
These and the laggards either collected themselves to form additional nuclei 
at interphase or lay free in the cytoplasm. As a result of the irregular reduc- 
tion division, the distribution of chromosomes at second metaphase was 
greatly affected and the cells were observed to contain chromosomes ranging 
from 20-28. Straying chromosomes not previously included in the divided 
nuclei, were also met with at this stage. One remarkable feature of the 
second metaphase is the tendency of the chromosomes to appear in groups 
of four, three and two exhibiting the phenomenon known as secondary associa- 
tion. This aspect of the work has received considerable attention on the part 
of the workers at the John Innes Horticultural Institution and has helped in 
throwing light on the basic number of chromosomes in several genera. No 
counts were taken of the different groups in this tetraploid rice plant but 
the existence of the association was very evident (Figs. 5 and 6). The homo- 
typic division in this tetraploid was not as regular as is reported of other 
tetraploids. Chromosomes either lagging on the spindles or remaining free 
in the cytoplasm were not uncommon features of the second division. Only 
rarely cells were met with where additional nuclei divided on supernumerary 
spindles (Fig. 7). Of 100 cells examined at second anaphase 80 showed either 
laggards or straying chromosomes. ‘The microspores formed were usually 
in tetrads but a majority of them contained either micronuclei or straying 
chromosomes embedded in the cytoplasm (Fig. 8). A considerable number of 
pollen grains, as compared with the diploid, was shrunken and aborted, only 
about five per cent. of them being apparently fertile with contents. They 
were generally bigger though variable in size and stainability. From observa- 
tions made already the percentage of fertility of pollen would appear to vary 
with the season. 
3. Discussion. 


Tetraploid plants are known to arise by the duplication of chromosomes 
in cells either by the two nuclei failing to separate or by the failure of the 
formation of cell wall between them after division. Such a condition is 
particularly likely in the rather irregular growth of callus and this fact has 
been made use of by Jorgensen (1928) in Solanum lycopersicum and Solanum 
nigrum, Lesley and Lesley (1930), Lindstrom and Koos (1931) in tomatoes 
to produce tetraploids. Randolph (1934) has also produced tetraploids 
in maize by subjecting the proembryo to intermittent heat. Application 
of other external agencies like cold, X-rays, and even injury to growing 
regions are known to produce duplication of chromosomes leading to the 
production of tetraploids. In the present case it is probable that a similar 
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chromosome duplication occurred in one of the buds either on account of 


seasonal factors or injury imparted in the course of cultural operations, and 
this might account for the appearance of the tetraploid. 


This tetraploid in common with others, shows gigantism in many of 
its parts, like the stem, leaf, spikelets and pollen grains. In point of the 
tendency to quadrivalent formation at diakinesis, it resembles the tetra- 
ploids of Datura (Belling, 1924), Primula (Darlington, 1931), Tomato (Lesley 
and Lesley, 1930 and Lindstrom and Koos, 1931). In the Solanum 
tetraploids of Jorgensen, however, the chromosomes are found to occur 
mostly as bivalents rather than as quadrivalents in the majority of cells 
at diakinesis. Unequal disjunction of chromosomes and the presence of 
laggards at first division noted in many of the other tetraploids were found 
to a greater degree in this rice tetraploid which, probably, in addition to 
other causes, account for such a large percentage of pollen abortion. While 
the homotypic division of other tetraploids were found to be comparatively 
free from irregularities, that of the rice tetraploid was marked by the pre- 
sence of laggards. The pollen sterility was in this case very high and the 
nearest approach to it is the tetraploid of Solanum nigrum which, in spite 
of fairly regular divisions, showed as high a percentage of sterility as 82. 
Lindstrom and Koos record that fertility of pollen in some of their tomato 
tetraploids varied with season and a similar condition appears to exist in 
the present case. It may be mentioned here that the authors have observed 
a similar occurrence, namely, variation in fertility of pollen with the season, 
in the triploid plant of rice reported previously (1933). 


The observations of secondary association at second metaphase in the 
tetraploid of this species, when considered with similar observations in the 
diploid and the haploid, afford sufficient ground for assuming that the basic 
number of chromosomes in Oryza might be less than twelve. Kuwada (1910) 
found in the diploid plants of Oryza sativa a considerable tendency for 
association of chromosomes in the metaphase of the homotypic division. 
We have observed in our own material both in Oryza sativa and Oryza longi- 
staminata a tendency for the chromosomes to appear in pairs at second 
metaphase. In the rice haploid (1934) we have observed this tendency 
for secondary association of chromosomes in many pollen mother-cells. 
Occasionally cells were observed which showed the twelve chromosomes 
coming out in six pairs. The Japanese authors, Morinaga and Fukushima, 
have also observed this tendency in their rice haploid (1934) but not to the 
same extent as in our case. Already Chao, Lawrence and Yamura, as quoted 
by Morinaga (1934), regard Oryza sativa as a tetraploid species for various 
reasons. Our observations of secondary associations, which are under 
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investigation in greater detail in other materials as well, point out strongly 
that the basic number of chromosomes for the genus Oryza might be less 
than twelve. 

4, Summary. 

A tetraploid plant of Oryza longistaminata is described for the first 
time. This arose spontaneously in a field where the diploid plants were 
growing, mainly by rhizomes, for the last twelve years and is believed to 
be the result of chromosomal duplication in one of the buds. This plant has 
thicker culms with deeper pigmentation, broader, thicker and darker leaves, 
and larger spikelets as compared to the diploid. The pollen of this plant 
is generally of slightly bigger size than in the diploid and mostly abortive. 

Studies of meiosis by smears and permanent sections reveal several 
irregularities like unequal disjunction, the presence of lagging and straying 
chromosomes at first and second division. One important feature of the 
second division is the presence of secondary association at metaphase. This 
fact together with the observations of similar nature in the diploid and 
haploid rices point to the assumption that the basic number of chromosomes 
for the genus Oryza might be less than twelve. 
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EXPLANATION OF PLATE AND FIGURES. 


Pirate LIX.—Drawings showing the internode, earhead and spikelet of the diploid and tetra- 
ploid. 

Text:— Fig. 1.—Diakinesis in the tetraploid. 
Fig. 2.—First metaphase. 


Fig. 3—Telophase showing elongated chromosomes on the spindle and a dividing 
univalent. 
Fig. 4—Late telophase showing an additional nucleus and laggards on the spindle. 
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Figs.5 and 6—Second metaphase showing distribution and secondary association 
of chromosomes. 


Fig. 7—Second telophase showing supernumerary spindle and straying chromo- 
somes. 


Fig. 8—Tetrad showing microspores containing micronucleus and odd chromo- 
somes in the cytoplasm. 


Figs. 1, 2, 6, 7, and 8 are from permanent sections stained with gentian violet. )< 3,000 
Figs. 3 and 5 are from aceto carmine smears. < 1,500. 


Fig. 4 from aceto carmine smears. < 2,000. 
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PRELIMINARY OBSERVATIONS ON THE EFFECT OF 
FERTILIZATION ON THE GOLGI BODIES IN THE EGGS 
OF ACENTROGOB/IUS NEILLI (GOBIUS NE/ILLI, DAY). 
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Received February 21, 1935. 
(Communicated by Prof. R. Gopala Aiyar, M.A., M.Sc.) 


Introduction. 


IN recent years though much attention has been focussed on the form and 
function of the Golgi apparatus, no serious attempt has heen made to for- 
mulate any general theory regarding its function, irrespective of the nature 
of the cell in which it is found. There appears also a tendency on the part 
of the investigators to confine themselves to literature bearing on their parti- 
cular field of inquiry, instead of that bearing on the particular inclusion 
with which they are dealing. It is also rather surprising that an inclusion 
which has been shown to be universal in occurrence should be attributed 


special functions in certain cell groups, forgetting that it may have a general 
function in all cells. 


The secretory hypothesis postulated by Nassonov (1923 and 1924) was 
extended by Bowen (1922, 1924, 1926 a, b, c and d) to include the acrosome 
formation in spermatogenesis and also to the formation of secretory products in 
all kinds of secretory cells. The secretory function has also been emphasised 
by a number of other workers such as Brambell (1923 and 1925), Cramer and 
Ludford (1925, 1926 and 1929), Ludford (1925), Rau and Ludford (1925) in a 
variety of cells though the possibility of such a function in Oogenesis has been 
lost sight of by most workers. Ina previous paper (Subramaniam, 1935) the 
author has demonstrated in Clibanarius that fatty and albuminous yolk 
arise in relation with the Golgi apparatus and it is the aim in this paper to 


demonstrate that the apparatus may have a mucous secreting function in 
the developing egg. 


While working on the Oogenesis of Acentrogobius neilli (Subramaniam 
and Gopala Aiyar*) it was found that some of the unmodified Golgi elements 
formed a concentration below the zona radiata. It was further observed 


* In course of publication. 
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(Gopala Aiyart) that within fifteen minutes after fertilization the zona was 
converted into a mucilaginous boat-shaped envelope attached to the sub- 
stratum by mucilaginous threads. 

The present work was undertaken under the kind suggestion of Pro- 
fessor R. Gopala Aiyar, Director, University Zoological Research Laboratory 
to study the effect of fertilization on the Golgi bodies lying below the zona 
radiata which apparently play no part in Oogenesis. I have great pleasure 
in thanking him for the material as well as for his valuable advice and 
criticism. 

Methods and Material. 

Gobius neilli is a brackish water fish common in the waters of the Adyar 
river and fertilizations were carried out in dishes containing the river water. 
The pH of the water varied between 8-4 and 8-6 and the salinity was 19. 
The temperature of the dishes was kept almost constant between 24 and 
26° C. 

Eggs from two minutes up to six hours after fertilization were fixed in 
various fixatives such as Mann Kopsch, Nassonov and Da Fano. Fixatives 
containing osmic acid failed to impregnate the fertilized eggs properly even 
though they were pricked with a sharp needle. Material fixed in Da Fano 
(12-16 hours in Cobalt Nitrate Formalin mixture and 2-3 days in 1-5% 
Silver Nitrate) gave very good results. Unfertilized and undeveloped eggs 
present in egg clusters afforded a test for the accuracy of the fixations. The 
observations given below are based entirely on such Da Fano material which 
were toned and later counterstained in Alum Carmine. 


Golgi Bodies in the Mature Oogonium. 

In order to understand the effect of fertilization a brief resumé of the 
behaviour of the Golgi in Oogenesis would be useful. The apparatus occurs 
in the youngest oocytes as an irregular mass which by breaking up gives 
rise to a number of granules which lie scattered in the cytoplasm. The 
majority of these bodies enlarge and secrete fatty yolk—yolk containing a 
large quantity of fatty or lipoidal matter—inside their interior. The un- 
modified elements slowly begin to migrate to the periphery of the cell, where 
just below the zona radiata they form a concentration (Fig. 1A. g.#.c.). 


Changes Undergone by the Zona Radiata on Fertilization. 


The mature oocyte has a uniform zona attached to which may be seen 
under higher powers of the microscope a layer of follicle cells. The first effect 
of fertilization is an expansion of the zona radiata which when fixed gets 
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Fig. 1. 


A.—Zona radiata and the Golgi peripheral concentration as seen in an unfertilised 
egg. 2500. 

B.—Appearance of the zona radiata five minutes after fertilization. 700. 

C.—Zona radiata and the Golgi peripheral concentration five minutes after fertiliza- 
tion. Some of the Golgi granules formed by the breaking up of the Golgi 
rims of the fatty yolk droplets are also seen. 2500. 

f.ep.—Follicular epithelium. g.g.—Golgi granules formed by the breaking up of Golgi 
rims of fatty yolk droplets. g.r.—Golgi rims. f.y.d.—Fatty yolk droplets. m.— 
Mucous. 2.r.—Zona radiata. z.r,.—Outer membrane of the zona radiata. 
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A.—Oocyte showing the conversion of the zona radiata into mucilage. The zona 
radiata has elongated and is lobed. The fatty yolk droplets have begun to run 
together into large droplets, The Golgi peripheral concentration is very clear. x 260. 

B.—Illustrates the manner of the breaking up of Golgi rims into granules. x 2500. 

C.—A developing egg in which mucilage formation has been completed. The Golgi 
granules are being extruded into the mucous. x2500. 

g.g-—Golgi grains formed from the breaking up of the Golgi peripheral concentration 
(g.p.c.) and Golgi rims (g.7.) of the fatty yolk droplets (f.y.d.). z.r>—Outer mem- 
brane of the zona radiata. m.—Mucous. 
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thrown into blunt lobe-like structures (Fig. 1B and Fig. 2A). The follicular 
cells become torn up and disintegrate. The expansion of the zona is accom- 
panied by a reduction of its thickness and a loss of its striations (Fig. 1B). 
Side by side can also be seen a transformation of the inner portions of the 
zona (Fig. 2A and C. m.) into mucilaginous matter. 


Now the fertilized egg undergoes further development suspended in the 
middle of the mucilage which has an outer definite limiting membrane 
(Fig. 2A. 2.7,). 

Changes in the Golgi Bodies. 

On fertilization the Golgi bodies lying below the zona (Fig. 1A. g.p.c.) 
seem to enlarge as can be seen from Figs. 1A and C. Fig. 1A is that of an 
unfertilized mature oocyte drawn under 2,500 magnification and Fig. 1C 
that of a fertilized one under the same magnification. 


Accompanying this increase in size some changes have been observed 
in the rim of the fatty yolk droplets also. The Golgi rim of these vacuoles 
which are uniform before fertilization (Fig. 1A. g.r.) become beaded (Fig. 
1C). With further development the beads separate and divide and give 
tise to minute irregular Golgi bodies. The majority of these migrate to 
the periphery of the cytoplasm and become arranged below the zona among 
the hypertrophied Golgi grains (Fig. 1C). After this, secretion of mucous 
seems to be more rapid. The process of transformation of zona into mucous 
is not uniform as can be seen from the figures. When the mucous envelope 
is fully formed the hypertrophied grains break up into small granules and 
seem to be extruded into the mucous along with the other grains lying 
below the zona radiata (Fig. 2C). As can be seen from the figures extrusion 
is also irregular, the granules where mucous formation has been completed 
being extruded first. 


Discussion. 


The sequence of changes in the behaviour of the Golgi bodies synchro- 
nising with the conversion of the zona intoa mucilaginous envelope strongly 
suggests that the Golgi apparatus is concerned in the process. (1) The 
migration of the unmodified granules in the unfertilized egg to the periphery, 
(2) the formation of a concentration below the zona radiata, (3) the migration 
of the granules formed by the breaking up of the rims of fatty yolk vacuoles 
and their arrangement below the zona, (4) the enlargement of the initial 
grains lying near the periphery of the cytoplasm, and (5) their final extrusion 
make it highly probable that they are concerned in the transformation of 
the zona. This view is further strengthened by (6) the occurrence of a more 
rapid secretion of mucous after the appearance of the smaller grains at the 
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periphery and their extrusion in places where mucous formation has already 
been completed. 


Now the question arises whether the transformation of the zona can 
be considered as an act of secretion. Bowen (1926a) while discussing the 
meaning of the term secretion says that “the act of ‘secretion’ is clearly 
that by which the secretory granules are produced, the granules themselves 
being to the cytologist a secretion’. Even in secretory cells Bowen remarks 
that materials for the synthetic operations of the Golgi generally come from 
the cytoplasm and that in the production of these substances the mito- 
chondria, the nucleolus and even the nucleus may take part. Further he 
suggests that ‘the materials for the secretory granules would be elaborated 
primarily in the Golgi apparatus and thence transferred to the granules’. 
The secretory granules are of various types such as mucous, serous, lipoidal, 
etc., and hence instead of the literal acceptance of Bowen’s hypothesis it 
appears that the synthetic function of the Golgi may be extended to mean 
the production of intra-cellular enzymes in which-sense it seems to have 
been used by Brambell (1923), and particularly by Gatenby and Ludford(1921), 
Cramer and Ludford (1925, 1926 and 1929), Ludford (1925), and Rau and 
Ludford (1925). Bowen himself throws out the suggestion that ‘“‘It would 
be a most engaging hypothesis to extend this synthetic activity of the 
Golgi apparatus to the production of intra-cellular enzymes whose presence 
can be proved chemically, but which have thus far escaped morphological 
inquiry ; that in other words, the source of the visible extra-cellular enzymes 
is likewise the source of the invisible intra-cellular enzymes.’’ But at the 
same time he does not support the suggestion fully, as he terms it pure 
speculation. 


If the theory that the primary function of the Golgi bodies is the pro- 
duction of various enzymes which act in different ways on available mate- 
rials, is accepted, then the change of the zona radiata into a mucilaginous 
envelope could be easily understood. According to the suggestion put 
forward the secretory products are only secondary in origin, the primary 
secretions being enzymes having different functions in different cells. 


One is tempted to extend this theory to the production of deutoplasmic 
inclusions during Oogenesis, as the evidence presented in this paper—where 
the Golgi bodies initially secreting fatty yolk are later concerned in the 
secretion of the mucous envelope of the oosperm—warrants the suggestion 
that the function of the Golgi apparatus in Oogenesis is only secretory, the 
nature of the secretion being incidental to the needs of the hour. (See 
Subramaniam, 1934.) 
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Summary. 


1. The Golgi elements lying below the zona enlarge on fertilization. 
2. The rims of the fatty yolk droplets break up into irregular granules, 
the majority of which also form a concentration below the zona radiata. 
3. Concurrent with these changes the inner portions of the zona 
become converted into a mucilaginous envelope with an outer definite 
membrane. 

4. When the mucous envelope is completely formed, the majority of 
the Golgi are extruded. 
5. The function of the Golgi in Oogenesis is only secretory, the nature 
of the secretion being only secondary in importance. 
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A BACTERIAL DISEASE OF WHEAT IN THE PUNJAB. 


By H. CHAUDHURI, 


Punjab University, Lahore. 
Received March 25, 1935. 


A BACTERIAL disease of wheat in the Punjab due to Ps. tritici, n. sp. was 
described by Hutchinson (1917) from Pusa. Hutchinson, however, was 
not fully able to prove its pathogenicity by means of inoculation experiments, 
because, as he mentioned, “‘the disease does not appear in the field until 
the crop is nearing maturity which in the Punjab is at too late a season of 
the year to make it possible to bring fresh material from thence to Pusa 
and there carry out the field experiments in the same year, the wheat growing 
season in the Bihar being several weeks earlier than in the former locality.” 


The disease is characterised by a curling of the stalk of the inflorescence. 
The head becomes covered with a bright yellowish slimy mass of bacteria. 
The photograph in Fig. 1 shows several such heads of wheat plants. If 
the atmosphere remains humid, the slimy yellow mass of bacteria may be 
seen trickling down but in a dry atmosphere, it becomes at first sticky and 
later the exposed portions become dry and hard. Milne, then Economic 
Botanist to the Government of the Punjab, pointed out to Hutchinson that 
the incidence of the disease depended upon mechanical injury to the plant 
caused by eel-worms and thought that without such intervention, the dis- 
ease never appeared in the field. In view of the well-known intermediary 
action of such organisms as eel-worms and beetles in connection with other 
bacillary diseases of plants, Hutchinson considered Milne’s suggestion to be 
a plausible one. Later Milne (1919) published a bulletin on “ Earcockle in 
wheat” where he described the disease caused by the nematode, Tylenchus 
scandens, and gave drawings showing distortions in the ear caused by them. 
In these nematode infections, Milne found bacterial growth along with gall 
formations in the ear caused by the nematodes. These galls contained eggs 
of Tylenchus. Fahmy and Mikhail (1925) in Egypt found that inoculations 
with bacteria alone were not successful and Carne (1926) in Western Australia 
found that bacteria were carried into the plants by eel-worms. The autho: 
examined a large number of specimens of what he thought to be the bacterial 
disease of wheat as described by Hutchinson and also specimens of earcockle 
disease of Milne, during the last 5 years from different places in the Punjab. 
He also examined specimens of earcockle material collected and very kindly 
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sent to him by Mr. Milne. From the result of examinations of different 
specimens as well as from cultural studies, the author found that the two 
diseases were quite different and the outward symptoms, though similar 
to some extent, were not quite the same. Inthe bacterial disease proper 
though nematodes may sometimes be found near the growing regions, galls 
are never seen as the grains do not develop at all, whereas, in earcockle, a 
certain number of grains always developed normally while others turned 
into galls. These galls are not very readily distinguishable at the beginning, 
but later as they increase in size and turn black, they become very prominent. 

That the nematodes (Tylenchus scandens) infect the wheat plants in the 
soil at the time of germination of the seeds, produce distortion of the ear 
and form galls, has been proved by Milne by means of inoculation experi- 
ments in the field and in many of these cases, gummy bacterial exudation 
appeared in later stages of infection. Hutchinson could not carry on field 
experiments for reasons stated already and though he was able to get slimy 
growths of bacteria in plants growing under bell-jars in a very humid atmos- 
phere, he never succeeded in producing the characteristic distortions. The 
author carried out inoculation experiments in the field for the last three 
years and after two seasons of failure, he succeeded last season in infecting 
wheat-plants in the field with bacteria from culture and producing the typical 
distorted ears. The photograph in Fig. 2 shows a typical infected head 
produced by artificial inoculation. The photograph in Fig. 3 shows the 
same after removal of the sheath. Here the curling of the stalk of the 
inflorescence is clearly seen. 


In the third week of March, 1939, the author first noticed several fields 
of wheat in Multan (Punjab), affected by what he thought to be a bacterial 
disease. A large number of diseased specimens were brought to Lahore for 
further studies. Pure cultures of Ps. tritici were obtained and their physio- 
logical characteristics studied. Though late in the season, wheat plants 
were grown in the laboratory, in pots and also inside large test-tubes on 
moist cotton wool soaked in culture solution (Knop’s). These plants when 
2”-4” high were sprayed with 24 hours old suspension of bacteria. In the 
test-tubes, the sprayed plants showed growth of bacteria on the surface 
of the leaves, but not in the pots unless these were covered by bell-jars. The 
plants in the test-tubes, as they outgrew the tubes, were placed under bell- 
jars to keep them under humid conditions, for in dry air, the bacterial masses 
soon dried up. No further results were obtained as these plants never pro- 
duced any ears and under such abnormal humid conditions, the plants did 
not survive long. The same sort of result was obtained from the plants 
growing in pots; if the experimental plants were kept covered by bell-jars 
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to keep them moist, these did not survive long, and when kept uncovered, 
the bacterial suspensions dried up soon without producing any infection. 
Under field conditions, however, the wheat plots being frequently irrigated, 
the atmosphere near the ground level is more or less in a humid condition. 


As no definite results were obtained, the experiments were repeated the 
following season but without any further success. No field experiments 
could be carried on, for, by the time the diseased specimens were received 
and the bacteria isolated, it became almost time for harvesting the wheat 
in the Lahore district. As there are no culture stations in India, where 
type cultures could be stored during the period that the wheat is not in the 
field and as in this laboratory no arrangements could be made to keep on 
cultures during the long summer vacation, the author had to depend on 
fresh isolations every year. This year, however, diseased specimens were 
received from Multan in early March, and it being an abnormally cold year 
in Lahore, there were many wheat fields, where plants which had been sown 
late were only a few inches in height and had not produced any inflorescence. 
In the College Botanical Garden four such plots were found and a large 
number of plants were inoculated with cultures of bacteria isolated from the 
Multan material. For this, 24 hours old cultures on sterilised potato blocks 
were selected, the bacterial mass scraped with an aseptic scalpel, and suspen- 
sion in distilled water of a pale-yellow colour was made. The experimental 
plants were sprayed with this suspension by means of a mouth-blown sprayer. 
The control plants were sprayed with distilled water only. After 24 hours 
all the plants were sprayed with distilled water for three days successively. 

In another set of experiments, a suspension of the yellowish bacterial 
mass from the scrapings of the diseased specimens from Multan was made 
and a number of plants were similarly sprayed. 

The sprayed plants were examined in the field every alternate day. 
After a fortnight, in both sets, several plants, when they developed ears, 
were found to have distorted and curling stalks. No grains were produced 
in the ears. Thus, for the first time typical distortions were produced by 
artificial inoculation. But as the atmospheric temperature was rather high 
by this time, no slimy yellowish bacterial growth on the surface was noticed. 
When however two such plants were uprooted and put in a beaker of water 
in the laboratory and were covered by tall bell-jars, they at once developed 
slimy, yellowish bacterial growth. But in such humid atmosphere as when 
covered by a bell-jar and also due to the power of these bacteria to break 
down protein with the production of alkaline reaction which not only favours 
its own growth but those of other organisms, many saprophytic organisms 
soon appeared and destroyed these plants. A large number of hand 
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sections of the distorted stalks in the inoculated plants were cut and when 
properly stained and mounted, most of the cells were found to be filled up 
by bacterial masses. Though a large number of disections of the growing 
tips were made to find out if there were any chance infections by nematodes, 
in no cases, however, nematodes were seen. This shows definitely that this 
disease of the wheat could be due to an infection of bacteria which when 
sprayed over wheat plants can cause infection and produce symptoms of 
the disease without the intervention of the nematodes. If, however, nema- 
todes be present in the soil, they will no doubt help in spreading the disease. 


In a real earcockle disease caused by the nematodes, Tylenchus scandens, 
which produce galls instead of grains, if a later infection of bacteria (Ps. 
tritici) occurs, distortion and also bacterial growth on the surface of the ear 
may take place. Nematode infection always takes place in the soil, usually 
at the time of germination of the seeds, but bacterial infection may be 
brought about at any stage of the growth of the wheat plant. The infection 
in the latter case may spread from one plant to another, by simply rubbing 
as when the wind blows. If, however, infection takes place after the ears 
have developed, no distortion takes place. The photograph in Fig. 4 shows 
a case of late bacterial infection. Here instead the stalk of the inflorescence 
showing distortion, the individual flower stalks are a bit elongated and, as 
inoculation in this particular case was done the inflorescence was coming 
out, the ovules were formed, but these contained no grains in most cases. 
Many of them were full of bacterial masses. 


Hutchinson mentions that it is a disease of the badly drained ureas 
where, ‘“‘in all probability not only is cultivation and drying out of the soil 
imperfectly carried out, but where the higher humidity of the air during the 
growing season of the crop would tend to ensure the deposition of dew in 
sufficient quantity to promote the growth of the organism in the plant.” 


Though the above statement by Hutchinson is mainly true, the disease 
however is not confined to badly drained plots but also appears in not ill- 
drained soils when temperature and humidity conditions remain favourable. 
That is why the disease does not appear regularly in those plots. 


To find out the effect of temperature and moisture on the growth of 
the organism under cultural conditions, cultures were incubated at different 
temperatures and grown under different humid conditions—sterilised potato 
blocks on which the organisms grew well, were inoculated and also cultures 
on potato-extract agar were made and incubated at 5°, 10°, 15°, 20°, 22-5°, 
25°, 30° and 35° C. Best growth occurred at 20° and 22-5° C. At 25° C, 
the growth was not so good and at 30°C. very slow growth took place. Also 
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at 15°C. very little growth took place. There was absolutely no growth 
at 35°C. and also at the low temperatures of 10°C. and 5°C. In all those 
cases where no growth took place, the effect of exposure to high and low 
temperatures was different. After 10 days of no growth, the cultures from 
5°, 10° and 35° C. were transferred to an incubator at 22-5° C. Those 
cultures which had been incubated at 35°C. for 10 days previously, did not 
show any revival of growth but the cultures which had been exposed to low 
temperatures previously revived and grew well. This shows that the organ- 
isms are very sensitive to high temperatures. Even at 30°C. where the 
organism grew very slowly, if incubated for a longer period, say for a fort- 
night, no sub-cultures could be obtained, the organisms having all died out 
at that temperature when exposed for such a length of time. The thermal 
death point of these organisms for a 10 minutes’ exposure lies between 
48°C.—50°C. Cultures exposed to low temperatures for even three weeks 
at 5° and 10°C. revived when placed at 22-5°C. 

Effect of humidity on growth was also studied. Blocks of sterilised 
potatoes in watch glasses, after inoculation, were placed inside large Petri 
dishes containing 25 cc. of concentrated H,SO,; H2,SO, and water in the 
proportions 3:1, 2:2 and 1:3 and pure water. These were all incubated 
at 22-5°C.—the temperature at which the organisms were found to grow 
best. It was noticed after a week’s incubation that in the first two sets of 
Petri dishes containing H,SO, (concentrated) and H,SO,4 and water (3: 1), 
no growth took place. In the other two sets of acid and water mixtures 
fair growth took place, but best growth was obtained in the set containing 
pure water, showing that these organisms grow best in a saturated atmosphere 
and that is really found in the field. 

The above observations only give a clue to the limits of constant tem- 
perature to which the cultures are exposed, for it is realised that the disease 
in the field is subject to varying temperatures of day and night and varying 
humidity due to rain and dew and besides the plant tissue may act as g 
protection against the bacterial mass. 

Cross-inoculation experiments with a few other Graminaceous plants 
were tried, but these were not successful. However, it has been found that 
all varieties of wheat are not equally susceptible to this disease. In the 
inoculation experiments by means of spraying, four different types of wheat 
were tried, but typical infections were produced in ‘‘Lyallpur 9” variety 
only. 

The cultural behaviour of the organism agreed mainly with those by 
Hutchinson and hence is not described again and his nomenclature Ps. 
tritict is accepted. 
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Summary. 

Two similar diseases of wheat in the Punjab, viz., one due to bacteria—Ps, 
tritici and another due to nematodes—T ylenchus scandens were described by 
Hutchinson (1917) and Milne (1919) respectively. Sometimes the two 
organisms are found together and Milne had suggested that the nematodes 
were the cause of the disease and that the bacteria were only secondary 
organisms getting in through the punctures made by the nematodes. As 
Hutchinson was unsuccessful in producing the disease by means of artificial 
inoculations, and in view of the well-known intermediary action of eel- 
worms and beetles, etc., in connection with other bacillary diseases, he 
thought Milne’s suggestion, a plausible one. Workers in Egypt and Australia 
also failed to produce the disease by inoculating with bacteria alone. It 
has now been shown that though the symptoms of the two diseases are some- 
what similar, really they are not the same. Ina typical bacterial disease 
no grains are formed, more distortions are produced and the ears are covered 
with thick yellowish slimy masses of bacteria, whereas in a typical earcockle 
disease, many grains develop normally while others form galls. These galls 
contain eggs of Tylenchus and turn black when mature. Curling and distor- 
tions are net so pronounced and sometimes along with the earcockle bac- 
terial masses may be seen. 


It has now been shown for the first time by means of successful inocu- 
lation experiments, producing distortions, that bacteria alone can cause 
the disease and that the presence of nematodes is not necessary. The methods 
of infection in these two diseases also differ. In earcockle, infection always 
takes place in the soil, usually at the time of the germination of the seeds, 
whereas in the bacterial disease infection may take place at any stage of 
growth of the wheat plant, although late infection causes very little of dis- 
tortion. It has been noticed that the disease becomes serious in an humid 
atmosphere with low temperature. The cultural characteristics of the 
organisms have been studied and have been found to be the same as described 
by Hutchinson and hence his nomenclature, Ps. tritici has been accepted. 


In conclusion, the author expresses his indebtedness to Professor S. G. 
Paine of the Imperial College of Science and Technology, London, and to 
Mr. N. V. Joshi of the Imperial Institute of Agricultural Research, Pusa, 
for kindly reading the manuscript and suggesting improvements. He hopes 
to take up further investigation of the subject soon and this note represents 
the results of his observations and experiments done ‘so far. 
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EXPLANATION OF PLATE. 

. 1—Photograph of wheat plants collected from Multan showing distorted ears due to 
bacterial infection. Slightly reduced. 

. 2.—Photograph of an inflorescence still enclosed by the sheath showing distortion produced 
by artificial inoculation. Slightly magnified. 

. 3—Photograph of the inflorescence shown in Fig. 2. It shows characteristic distortious 
very clearly. Slightly magnified. 

. 4—Photograph of the inflorescence artificially inoculated at a later stage of develop- 


ment. Note the grains are outwardly formed and very little distortion of the 
main stalk. Slightly magnified. 


CONTRIBUTIONS TO THE MORPHOLOGY OF 
EPHEDRA FOLIATA, BOISS:! 


I The Development of the Male and Female Gametophytes. 
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Associate Professor of Botany, Agra College, Agra. 


Received February 23, 1935. 


1. Introduction. 


THE Gnetales have long been attractive to the morphologist because of their 
intermediate position between the Angiosperms and other Gymnosperms, 
and recently this claim has again been emphasised by Hagerup (1933, 1934), 
who has made an extensive study of the organogeny of the flowers in the 
Coniferales, Gnetales and some Angiosperms. Although this relation has 
never been definitely established, investigations dealing with them will 
continue to be of interest for a long time to come. 

Four years ago, the author had access to some plants of Ephedra foliata, 
grown in this Department from seeds obtained from the Punjab, and some 
material was collected in January-March, 1931, and sectioned with a view 
to prepare some slides for class use and to examine the plant regarding its 
suitability for investigation. 

Due to the small amount of work done on Indian Gymnosperms, I was 
prompted to keep on the collections with the object of working out the com- 
plete life history and anatomy of this species. As the full work will still 
take some time to be completed, it is proposed to deal with it in parts :— 

(1) The development of the male and female gametophytes. 

(2) Pollination, fertilisation and embryogeny. 

(3) Anatomy of the staminate and ovulate strobili. 

(4) Anatomy of the vegetative organs. 

(5) Anatomy of the seedling. 

A general discussion of the results obtained will be given in the last 
paper. 

2. Historical. 

Very few species of Ephedra have been studied with any degree of com- 

pleteness from the point of view of the developmental stages in the life 


1 Some authors have subdivided this sp. into three varieties, in which case the one 
described here should be called Ephedra foliata Boiss. var. ciliata (C. A. Mey) Stapf.—see 
Florin, 1933, p. 39. 
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history. A complete bibliography has recently been given by Markgraf 
(1926), Pearson (1929) and Schnarf (1933), and I have not considered it 
advisable to lengthen my paper unduly by covering the same ground 
again. 

The fullest work is that of Land (1904), who first gave an account of 
the development of the gametophytes and later, in 1907, described the 
process of fertilisation and embryogeny in E. trifurca. Berridge and Sanday 
(1907) traced oogenesis and embryogeny in E. distachya, and Berridge (1909) 
gave an account of fertilisation in F. altissima. The late Miss Herzfeld 
(1922) described E. campylopoda laying special stress on the development 
of the female flowers and fertilisation. She demonstrated clearly that in 
several cases one of the male nuclei fuses with the ventral canal nucleus, 
while the other fertilises the egg.2 More recently Geitler (1929) has made 
some interesting observations on the cytology of two species of Ephedra, 
and Florin (1932) has made an important contribution on chromosome 
numbers in the Gnetales. There have been other investigations also, to 
which I shall call attention in the text. 

3. Material and Methods. 


As stated in the beginning, most of the material was fixed from plants 
growing in the Agra College Botanic Gardens, and formalin-acetic-alcohol 
was used as the killing fluid. Chrom-acetic acid and Corrosive subliniate- 
formalin-acetic-alcohol were also tried, but they were in no way superior 
to the first. The bracts were always removed from the female strobili 
except in the youngest stages, when they were too delicate to be handled 
without injury ; in older flowers even the outer integument? was dissected 
away. This was found to be quite easy as it is absolutely free from the 
inner integument and comes away without much difficulty. Ovules killed 
in this way were found to be well-fixed and gave no trouble in cutting, 
which is otherwise bound to occur, when the outer envelope becomes 
hard. 

Later, in March 1933, a visit was made to Chhanga Manga (Punjab) 
and some material was fixed from plants growing in their native habitat. 


2 This was regarded by her as the equivalent of “double fertilisation,” but see 
Review by Chamberlain (1923). 

8 Since there is a good deal of discussion about the morphology of these structures in 
the Gnetales, I prefer the non-committal terms “envelope” or “investment”, and these will, 
therefore, be used throughout the rest of the paper. 

4 I wish to record here my deep sense of gratitude to the late Prof. S. R. Kashyap of 
Lahore, who provided facilities for the trip and told me where to look for the plants. I am 
also indebted to Mr. Pran Nath Mehra of the Government College, Lahore, for having 
accompanied me on the trip and helped me in the collection. 
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As only one collection could be made, it was not possible to get all the stages 
from this material, most of it showing gametophytes with free nuclei or 
archegonia in different stages of development. Comparison with the Agra 
material, however, indicates that the development proceeds in the same 
way in both places. 

Some material was also fixed with the late Prof. S. R. Kashyap’s per- 
mission from plants cultivated in the Government College Botanic Gardens, 
Lahore, and my friend Mr. A. C. Joshi, now of the Benares University, 
kindly sent me four tubes of material, that he had previously fixed from the 
same place in Flemming’s fluid and Bouin’s fluid. 

The usual methods of infiltration and imbedding were followed and the 
blocks were sectioned at 5—10 microns. Haidenhain’s iron-alum hzema- 
toxylin proved to be the best stain, with picric acid as the destaining agent 
(Maheshwari, 1933). Safranin and crystal violet, and safranin and Fast 
Green were also tried in a few cases. Newton’s crystal violet-iodine method, 
which was also used, did not give satisfactory results with this material. 


4. Distribution and External Morphology. 


E. foliata is occasionally met with in the wild state in the Southern 
parts of the Punjab plains and may extend southward to parts of Rajputana 
(Brandis, p. 686; Parker, p. 536). The plants that I saw at Chhanga Manga 
were scandent shrubs, climbing over small trees, especially Prosopis spicigera, 
which is very common in that area. Some specimens were found to reach 
a height of more than 20 feet. Their general appearance is very much like 
that of certain leafless Asclepiads, which are also found in dry places, so 
that in the absence of flowers one may not be able to recognise the plant 
without previous experience. 

5. The Staminate Strobilus. 


The staminate strobili like the ovulate are borne in whorls round the 
nodes of branches, in leaf axils. The plants are strictly dioecious and I 
did not come across a single bisporangiate strobilus, although such have 
been reported previously in some species. The inflorescence consists of 
an axis bearing decussately arranged pairs of bracts, which are fused in the 
lower part. The first one or two pairs may be sterile, but each of the rest 
has one male flower in its axil. 

The male flower is composed of a sheath consisting of two primordia and 
enclosing within it the antherophore (Fig. 1). The latter outgrows the sheath 
and protrudes out at maturity, bearing usually three anthers on its top. 


5 Details about the distribution of all Indian spp. of Ephedra and their ephedrine content 
have been given recently by Krishna and Ghose, 1931. 
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As the development is continuous and there is no resting period, it is 
easy to secure all the stages from a comparatively small number of collec- 
tions. The fact that there is also a gradation in the development of the 
flowers (the youngest being at the apex) makes it possible to observe a good 
many stages in a single preparation. 


a b 
Fic. 1 (a and b). 
Fic. 1 (a).—L.S. young staminate flower showing mass of archesporial ceils. }< 265. 
Fic. 1 (b).—Same; slightly older stage; showing the sporogenous tissue and two wall layers, 
the inner of which is the tapetum. \< 265. 
The small inset in each figure is a diagram of the entire male flower. x 45. 


There is no evidence that the archesporium originates from a single 
hypodermal initial cell. As shown in Fig. la, there is a group of such cells, 
which becomes clearly recognisable in each lobe only after the differentia- 
tion of the perianth. A primary parietal layer is cut off as usual, and this 
by tangential divisions gives rise to one wall layer and the tapetum® (Figs. 
1b, 8, 9). Asa rule there are no further periclinal divisions, although some 
anticlinal divisions do take place to keep pace with the growth of the anther. 
During the further growth of the sporogenous cells, the wall layer becomes 
flattened and crushed, leaving only a thin band of granular substance lying 


® Land (1904) states that “in E. trifurca numerous instances were observed in which 
individual tapetal cells were not distinguishable from adjacent mother-cells. This seems to 
indicate that the tapetum is potentially sporogenous, and by virtue of its position has become 
sterile.” 
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against the epidermis. The tapetal cells, however, increase in size and 
stain densely. 


6. Tapetum. 


In the meantime the sporogenous cells divide and form a considerable 
mass of cells—the microspore mother cells (Fig. 8). When these are in the 
prophase of the first reduction division, the tapetal cells become 2-4 nucleate 
(Fig. 9). According to the notions prevalent at that time, Land thought 
that this was due to amitotic divisions, but Geitler (1929) has recently 
demonstrated that in E. maior these divisions are mitotic. It is also reported 
that sometimes the two spindles of the second division fuse together to give 
rise to tetraploid nuclei. These phenomena are exactly comparable to those 
found in several angiosperms (Cooper, 1933). 

In E. foliata I have seen undoubted mitotic divisions in the tapetal 
cells of several anthers, and I think that at least the first nuclear division 
is always karyokinetic. After this is over, the two daughter nuclei some- 
times lie very close to each other (thus giving the appearance of amitotic 
division) and may later fuse together to form a tetraploid nucleus, or their 
spindles may join together in the next division to give rise to two tetraploid 
nuclei. In some tapetal cells, one large and two smaller nuclei were seen, 
which gives rise to the suspicion that originally four were formed, but two 
fused together; or, this 3-nucleate condition may result from the division 
of only one of the two nuclei formed after the first division. It also happens 
that towards the close of activity in the tapetum, all four nuclei in a cell 
sometimes fuse together into a densely staining irregularly lobed mass. 

There is no evidence whatever of the formation of a periplasmodium, 
and the tapetal cells begin to degenerate soon after the reduction divisions 
are over, leaving only the epidermis in the mature anthers. Some of the 
cells in the sporogenous tissue, however, begin to degenerate at an early 
stage (one such is seen in Fig. 8). Evidently these are tapetal in function 
and serve to nourish the remaining mother cells. It is needless to consider 
this point in detail, as this is a common feature of many large sporangia in 
vascular plants. 

7. Formation of Microspores. 


The reduction divisions go through in the normal way. The micro- 
spore mother cells retain their polygonal shape for a long time, but their 
protoplasts begin to round up at the edges after synizesis and the space at 
the corners becomes filled with a clear homogeneous substance, staining very 
lightly or not at all with hematoxylin. At diakinesis (Fig. 10) the cytoplasm 
contracts round the nucleus and becomes very dense, the space between 
this and cell-wall beginning to be filled with the same substance. Usually 


— 


and 


table 
n the 
leate 
ought 
ently 
orted 
) give 
those 


petal 
vision 
;ome- 
itotic 
their 
ploid 
seen, 


rision 
a cell 

lium, 
sions 
f the 
early 
ction 
sider 
ria in 


Licro- 
their 
ce at 
very 
lasm 
ween 


ually 


Morphology of Ephedra foliata, Botss 591 


no cell-plate appears after the first reduction division (Fig. 11), but in a 
very few cases a very delicate membrane was observed. This is, however, 
not seen in later stages. 

The two spindles in the second division are usually at right angles to 
each other, but sometimes parallel or even in an intermediate plane. This 
division is accomplished very quickly and the four grand-daughter nuclei 
arrange themselves near the periphery of the mother cell protoplast, the 
fibres connecting them disappearing very soon after the division is over. 

Ephemeral cell-plates were also seen in a few instances after this division, 
but they fade away and I have no doubt that they have nothing to do with 
the division of the cell. Quadripartition of the mother cell is effected by 
furrowing (Fig. 12), as has now been shown for a large number of Angiosperms. 

The mother cell-wall is no longer clearly distinguishable, but the space 
between this and the protoplast becomes filled with a gelatinous substance 
(now seen very clearly in preparations stained with Safranin and Fast Green 
but scarcely noticeable when iron-hzematoxylin alone is used), which advances 
centripetally and separates the four microspores (Fig. 13). 


8. The Male Gametophyte. 


The only clear account of the development of the male gametophyte 
is that by Land (1904) and the stages, I have obtained, are almost exactly 
similar to those figured and described by him. The microspores after freeing 
themselves from the jelly-like matrix, already mentioned above, become 
oval in outline (Fig. 14) and the nucleus travels down to one of the pointed 
ends. The first division cuts off a prothallial cell (Fig. 15), marked off from. 
the remaining nucleus by a clear hyaline space. The second division (Fig. 
16) cuts off another prothallial nucleus, but this time no separating mem- 
brane is formed and its cytoplasm is not distinguishable from the general 
cytoplasm of the pollen grain (Fig. 17). Both the prothallial nuclei stain 
very densely and begin to degenerate soon after they are formed. The 
remaining nucleus now enlarges very much and divides to form the tube 
and antheridial’? nuclei (Fig. 18). The former usually lies at the end opposite 
to the one in which the prothallials are situated, but in some cases it was 
found to have shifted itself laterally. The antheridial nucleus becomes 
surrounded by a denser zone of cytoplasm (Fig. 19), and one sterile and 
another spermatogenous nucleus, which result from its division, lie within 
the same cytoplasmic sheath (Fig. 20). The mature pollen grain is thus 
5-nucleate at the time of shedding. It differs in this respect from both 
Welwitschia and Gnetum, which have advanced to the tri-nucleate condition. 


7 The term “generative nucleus” has been avoided for reasons given ahead. 


. 


592 P. Maheshwari 


The exine, which begins to be laid down immediately after the micro- 
spores have freed themselves from the mother cell-wall, is quite well-deve- 
loped and has, on an average, about 16 ribs running longitudinally from 
one end to the other. These are best seen in a section passing at right angles 
to the long axis of the grain (Fig. 22). Herzfeld (1922) remarks that in 
E. campylopoda the intine is also similarly ribbed and there is a space between 
this and the exine, which is either filled with air or some other non-stainable 
substance. I have not noticed this peculiarity in E. foliata. 

In several pollen grains another dark-staining nucleus (a sixth one) 
with a flattened outline was found lying closely attached to the second 
prothallial nucleus. At first I was doubtful about its method of origin and 
considered this to be the sterile nucleus (‘stalk nucleus’) that had pressed 
itself down on the second prothallial nucleus, but appearances like those shown 
in Fig. 21 leave no doubt that the latter itself occasionally fragments into two. 
What significance this particular abnormality has, I am not yet prepared to 
say, but similar phenomena are also known to occur in some Conifers. 

One case was found of a double pollen grain, which was cut at right 
angles to the long axis and was dumb-bell shaped in outline (Fig. 23). 

Attention must be called here to the confusion that exists in literature 
on the names given to the nuclei in these pollen grains. This is due to the 
attempts made by certain authors to homologise the pollen grain of Gymno- 
sperms with the antheridium of Pteridophytes, and by others to compare the 
further development of the microspore with that of the megaspore. The 
following table summarises the nomenclature used by various authors at 
present :— 


Strasburger, prothal- tube spermato- sterile antheri- | generative 
1879 lial cells | nucleus genous sister cell dium nuclei 
cell mother cell 
Coulter and = = generative | stalk cell | body cell® | male nuclei 
Chamberlain, cell 
1917 
Schiirhoff, 1926 spermato- |*‘Stielzelle’’| antheri- sperm. 
genous dium nuclei 
cell mother cell 
Herzfeld, 1927 om vegetative | antheridial| ‘* Wand- | spermato- | generative 
Wettstein, 1933 nucleus cell zelle ’’® | genous cell nuclei 
Terminology tube sterile sperm, 
used here nucleus (spermato- nuclei 


genous) cell 


8 German authors have translated this as “Korporzelle’”. 
8 Goebel (1932, p. 1800) calls this the “Dislokatorzelle”, 
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Due to the different names used to designate the same nucleus, it is 
sometimes quite difficult to extract a clear idea of the structure of the male 
gametophyte from the descriptions of several authors. It seems, however, 
that Jaccard (1894) did not see the prothallial cells and found only the tube, 
sterile and spermatogenous nuclei in E. helvetica. Fig. 2 of Berridge (1909) 
indicates that the male gametophyte of E. altissima is similar to that of 
E. trifurca and E. foliata. Among recent investigators, Herzfeld (1922, 
p. 254) writes that in E. campylopoda :-— 

“Die Anlage der Mikrosporen wurde nicht untersucht; doch konnte beobachtet werden, 
dass die reifen Pollenkorner schon wahrend ihres Aufenthaltes in der Anthere keimen, das 
heisst eine sterile Prothalliumzelle, Pollenschlauch- und Antheridialzelle entwickeln. Land 
beobachtete bei Ephedra trifurca zwei Prothalliumzellen tbereinander an jenem Ende der 
Mikrospore, welches dem Pollenschlauchkern gegenuber liegdt; bei E. campylopoda konnte 
an dieser Stelle nur eine sterile gesehen werden, doch waren ab und zu seitlich von der 
Antheridialzelle 1 bis 2 kleine Zellen sichtbar, die als Wandzellen gedeutet werden miissen 
(Taf. II, Fig. 38b)., Meist sind alle Zellwande sichtbar—ab und zu wird eine Wand nicht 
angelegt.” 

This account is very brief and meagrely illustrated. Only two figures 
of the pollen grain have been drawn and they do not bring out the points 
stated above. 

There have been some other investigations on the structure of the 
mature pollen grain, but these are of a doubtful nature and have therefore 
been left out of consideration.! 


The time taken by the events already described is perhaps the shortest 
among Gymnosperms. In the Cycadales, Ginkgoales and Coniferales this 
period usually extends from several months to more than an year. In 
E. trifurca (Land, 1904) the staminate strobilus was first recognisable (in 
New Mexico) in the 1902-1903 season in December and the pollen was shed 
in April. From observations made at Agra for the last five years, I can 
say that in E. foliata the strobili are not recognisable before the first week 
of January and the development goes on continuously, as the climatic condi- 
tions do not necessitate any resting period. Some of the male flowers are 
ready to shed their pollen even in the second week of February, but more 
continue to develop so that mature anthers can be seen on a plant right up 
to the end of March. Indeed, the only approach to this condition is Gnetum, 
where also the whole development is completed in a few weeks (Thompson, 
1916). 

I believe that the shortening of the period of flowering and fruiting is 
correlated with the external conditions and is not an index of phylogenetic 


10 T am trying to obtain material of some other species of Ephedra and examine the 
Structure of the male gametophyte in these as soon as opportunity permits, 
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advance. Insupport may be cited the case of E. gerardiana Wall., which 
flowers in its native habitat in the Himalayas (8-14,000 ft.) in May and the 
seeds ripen towards the end of September (before the beginning of the severe 
winter), but due to the milder climate, the plants in cultivation at Lahore, 
begin flowering much earlier and the seeds are set by the middle of May 
(Mehra, 1934). 

9. The Ovulate Strobilus. 

The female inflorescence is usually made up of four pairs of decussate 
bracts, which are fused below, forming cup-like structures. The lowest 
of these is very small, the upper two progressively larger, and the fourth is 
the largest and contains within it the two ovules. The stem-tip is continued 
as a small projection between the two ovules (Fig. 3). Occasionally one of 
these gets aborted so that the strobilus is left with only one ovule. 


10. Formation of Megaspores. 


The earliest stages show the nucellus to be a mass of homogeneous cells 
without any differentiation of the integuments. Fig. 24 shows a longitudi- 
nal section of a slightly older ovule with two hypodermal archesporial cells 
lying side by side. As I have only one preparation showing this stage, I 
cannot say if this is the usual number ; succeeding events give the impression 
that in most cases there is only one. 

There are very few Gymnosperms (besides the Gnetales) in which a 
hypodermal archesporial cell has so far been reported.!! The usual text- 
book statement is that the megaspore mother cell is deeply “‘buried’’ inside 
the nucellus from the very beginning. Strasburger (1879) concluded that 
in Larix europ@a the megaspore mother cell arises by the divisions of a 
hypodermal archesporial cell. Saxton (1930) has recently reinvestigated 
some stages in the morphology of this plant and he states that “the most 
careful search failed to reveal the slightest trace of such cells or any cell 
which could be interpreted as a hypodermal archesporium”. Land (1904) 
says that in E. trifurca the archesporium could not be definitely traced 
back to a single hypodermal cell, but he regards this as likely. ‘The earliest 
stage, he figures, shows two large cells lying one above the other and sepa- 
rated from the epidermis by two wall layers. He regards the lower of these 
as an undoubted megaspore mother cell and the upper as a wall cell. As 
the figure is very diagrammatic, one cannot feel sure about this interpreta- 


11 So far as I know, this has been definitely recorded only in two plants :—Zamia floridana 
(Smith, 1910) and Taxus canadensis (Dupler, 1920). There are two other cases, where 
(judging from figures) its occurrence seems to be likely, though not yet actually demonstrat- 
ed :—Keteleeria fortunei (Hutchinson, 1917) and Athrotaxis selaginoides (Saxton and Doyle, 
1929). 
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tion; it appears equally likely that this is a case of two sporogenous cells 
lying one above the other and separated from the epidermis by a couple 
of wall layers. Herzfeld (1922, Plate I, Fig. 2) ‘shows a megaspore 
mother cell in synapsis, lying separated from the epidermis by a single wall 
layer. Sigrianski (1913) definitely reported a hypodermal archesporial 
cell in E. helvetica and asserts that this functions directly as the megaspore 
mother cell, although it becomes sunken in later stages by periclinal divi- 
sions in the nucellar epidermis. That the wall layers are all epidermal 
derivatives, seems to be rather striking, for this is the only known case of 
its kind among the Gymnosperms.!2 

From a comparison of the figures of other authors ost my own prepara- 
tions of E. foliata, it seems certain that a hypodermal archesporial cell will 
be found to be of a general occurrence in Ephedra, if the material is sectioned 
at a sufficiently early stage. The absence of ‘spongy tissue” which is of 
frequent occurrence in the Cycadales, Ginkgoales and Coniferales is note- 
worthy. 

The next stage, represented in Fig. 25, shows an elongated megaspore 
mother cell with two wall layers separating it from the epidermis. Evi- 
dently the wall cells are the result of periclinal divisions of a primary 
parietal cell cut off from the archesporial cell. In later stages the epidermal 
cells also undergo many periclinal divisions and the parietal tissue has thus 
a double origin (Figs. 26, 27, 28, 30). 

The first division of the megaspore mother cell is. a reducing division. 
In one slide the nucleus was seen in the diakinesis stage (Fig. 26), but the 
preparation was not good enough to give a clear evidence of the exact num- 
ber of chromosomes. Fig. 27 shows the close of the first division resulting 
in the formation of two daughter cells. In her Plate I, Fig. 1, Miss 
Herzfeld shows two nuclei formed as a result of the heterotypic division, 
but there does not seem to be any indication of a wall forined between them ! 

Several tetrads of megaspores were encountered. Usually all the four 
cells are arranged in a single linear row (Fig. 29), but occasionally the upper 
two may be placed obliquely (Fig. 28) and sometimes even at right angles 
to the lower two, resulting in T-shaped tetrads. In two cases a row of only 
3 cells was seen, although a careful search was made for the fourth in adjacent 
sections. This is now regarded as a matter of frequent occurrence in both 
Gymnosperms and Angiosperms and does not seem to deserve special attention. 

Herzfeld regularly found 4 megaspores arising from the mother cell, whether 
arranged in the form of a “T”’ or in a single row. In her Plate I, Fig. 3, 


12 See Review by Land (1915). 
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showing a normal tetrad of megaspores with the lowest enlarging, there is 
also a big cell on top of the tetrad, which I am inclined to regard as another 
sporogenous cell that has failed to divide (compare Land, 1904, Fig. 26). 

Occasionally I found two megaspore tetrads lying side by side in the 
same nucellus. These are evidently due to the divisions of two hypodermal 
initials as seen in Fig. 24. 

11. The development of the female gametophyte. 

The lowest megaspore is the one that usually functions, but in one case 
the third was seen to enlarge (Fig. 2) and occasionally the third and fourth 
were seen to grow together. Berridge 
and Sanday reported that in E, 
distachya the arrangement of mega- 
spores appeared to be “tetrahedral and 
not linear’ and the third megaspore 
functions. From their figure, however, 
it would appear more correct to regard 
this as a slightly disturbed T-shaped 
arrangement. 

The only account that shows the 
most radical departure from the usual 
course of events is that of Sigrianski 
(1913), who states that in E. helvetica 
the four megaspore nuclei are not 
separated by walls and that all of 
them take part in the further develop- 
ment of the gametophyte. This, if 
correct, would correspond to the 
“TL ilium-type” of embryo sac met with 

: in several Angiosperms. It would be 
Fia, 2.—L.S. nucellus, showing tetrad of 
megaspores, of which the third has VeTY desirable if this species is studied 
enlarged and the others have been again by those who are more favour- 
suppressed. X 530. ably placed regarding the collection 
of its material.8 

The growth and development of the ‘“‘integuments’’ is shown by Figs. 3-7. 
The outer becomes several layers thick and at its upper end it sends out 
numerous short papillate outgrowths, which are directed inwards. The 


13 Others giving similar reports have already been corrected. Cavara and Rogasi (1902) 
stated that in E. campylopoda all four nuclei take part in the formation of the female game- 
tophyte. Herzfeld has, however, shown that 4 megaspores are formed as usual. See in this 
connection Schnarf (1933, 63-64). s 
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inner is only two cells thick, but elongates more quickly and forms a 
long ‘“‘micropylar tube’’, which is characteristic of the Gnetales. 

The two nuclei formed by the divisions of the functioning megaspore 
move toward opposite sides and a vacuole arises between them (Fig. 30). 
The next stage with four nuclei is shown in Fig. 31. Free nuclear divisions 
continue for a long time. In all cases the cytoplasm and nuclei are limited 
to the periphery, while the centre is occupied by a large vacuole.'* In two 
or three cases I was surprised to find the whole sac full of cytoplasm with 
the nuclei scattered all over. Further examination revealed, however, 
that this behaviour was clearly abnormal and brought about by injuries 
caused by insects. 

In several preparations two gametophytes were found lying one above 
the other in the same ovule, suggesting their derivation from sister mega- 
spores of the same tetrad (Figs. 4, 6). Herzfeld once found three gameto- 
phytes in E. campylopoda. Other reports of a similar kind have been given 
by Saxton (1910) in Callitris, Iawson (1923) in Pherosphara and Saxton 
(1934) in Austrotaxus. Perhaps the most striking case of this kind is that 
of Taxus canadensis, where Dupler (1917) found this kind of a thing to be 
of frequent occurrence and in some cases saw even four gametophytes in 
the same ovule. 

Further examination revealed that in EF. foliata, sometimes the upper 
gametophyte in an ovule enlarges and the lower is suppressed and some- 
times it is just the reverse. Occasionally both were seen to grow together 
and even form archegonia. ,; 

The exact stage at which wall formation occurs could not be determined 
in my material. In preparations showing the largest free nuclear gameto- 
phytes I could count approximately 500 nuclei. Land (1904) says that in 
E. trifurca it occurs after 256 nuclei have been formed and Berridge and 
Sanday (1907, p. 129) state that in E. distachya this commences only after 
a thousand nuclei have been formed. 

It is usually supposed that the free nuclear divisions are simultaneous 
and authors, who have reported the number of free nuclei in the female gameto- 
phytes of Gymnosperms and the endosperm of Angiosperms, have usually 
borne this fact in mind. Judging from the spindles seen in a couple of 
favourable preparations of this species, I am inclined to think that occa- 
sionally some of the nuclei lag behind in division. In one of these prepara- 
tions most of the nuclei were in metaphase, but a few situated in a denser 


14 Land (1904) writes, however, that careful staining showed the vacuole to be filled 
at all later stages with a delicate cytoplasmic structure, which gradually increased in density. 
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Fias. 3-6. 
Fic. 3.—L. S. ovulate strobilus with two young ovules enclosed within the uppermost pair 
of bracts. < 68. 
Fic. 4.—L.S. ovule with 2 gametophytes, both at the 4-nucleate stage. x 68. 
Fic. 5.—Same; gametophyte with 8 free nuclei. x 68. 
Fic. 6—Two gametophytes within the same ovule; upper with about 64 free nuclei and 
lower with about 40. x 68. 
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--o.i. 


Fic. 7. 


Fie. 7.—(A) Longitudinal section of ovule, 
showing the outer (0.i.) and inner (i.7.) invest- 
ments; nucellus (2uc.) with deep pollen 
chamber (p.c.); female gametophyte with 
pointed apex (p), archegonia (er.) and storage 
region (s). At (B), (C) and (D) are shown 
transverse sections of the ovule at approxi- 
mately the levels indicated by the positions 
of thediagrams. xX 36. 
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mass of cytoplasm at the chalazal end were in the prophase.!5 It was also 
noted that some of the nuclei in some gametophytes were in process of de- 
generation and others already dead—looking like dense blobs, unable to 
pursue any further divisions. 


Immediately after wall formation, the details of which I have not been 
able to make out clearly,!® the gametophyte begins to be differentiated into 
two regions, the micropylar and the chalazal. The former consists of very 
delicate cells with extremely thin walls; the latter has more solid-looking 
cells stored with food materials. 


In the majority of cases the archegonia arise from superficial cells situated 
at the micropylar end of the gametophyte, and the most frequent number 
is 3, although 2 and 4 have also been seen. Their number is so variable 
in the different species that have been investigated, that I have not thought 
it necessary to bring together the literature on this point. 


In early stages it is extremely difficult to distinguish the archegonium 
initials and the whole superficial layer of cells seems to be capable of produc- 
ing archegonia (cf. Herzfeld, 1922). Some of the cells, usually three, divide 
periclinally into the primary neck cell and central cell (Fig. 32). The former 
undergoes several divisions (sometimes the first one is periclinal and sometimes 
it is anticlinal) to form a massive neck of about 30-40 cells at maturity 
(see Figs. 33-36). Exact counting of the cells composing the neck is im- 
possible as they merge into the adjoining cells of the prothallus, but there 
is certainly no other genus among the gymnosperms which has such a 
massive neck. 

The jacket cells take their origin from transverse divisions of cells simi- 
lar and adjacent to the archegonium initials. Originally they have their 
longer axes at right angles to the archegonium, but later they become much 
elongated and their cell-walls become very thin and delicate. They are 
at first uninucleate, but later the number of nuclei increases. Geitler (1929) 
found this to take place by amitotic divisions. In one preparation, where 
I found them dividing, I saw aberrant mitoses in which the achromatic figure 
was poorly developed and the chromosomes were not sharply outlined. 
Normally each archegonium is bounded by one or two layers of jacket cells, 


but in one case I saw two archegonia lying in immediate contact with each 
other (cf. Sigrianski on E. helvetica). 


15 I wish to mention here Weinstein’s work on Phaseolus vulgaris (1926), where he 
came across nuclei in all stages of division as well as in the resting condition in the endosperm. 

16 It must be pointed out that the gametophytes show a special tendency towards 
shrinkage at this stage, and this might perhaps explain the divergent accounts given by earlier 
authors about the method oi cell-formation in Gymnosperms. 
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I must call attention here to Iand’s (1907) statement that during embryo 
formation the gametophyte is stimulated to further activity and some of 
the outermost cells of the gametophyte forming the bottom of the pollen 
chamber divide repeatedly to form a plug, which effectively closes the pollen 
chamber. In E. foliata this ‘“‘plug’”’ develops much earlier and is already 
well-marked when the archegonia are not yet mature (Fig. 36). Judging 
from its appearance it seems to be similar to the ‘“‘tent-pole’’ observed in 
the Cordaitales and in Ginkgo. A pointed apex in the gametophyte has 
also been seen in Taxus canadensis (Dupler, 1917; Fig. 53), Torreyva taxifolia 
(Coulter and Land, 1905; Fig. 5), Cephalotaxus pedunculata (Sahni, 1921), 
and Austrotaxus spicata (Saxton, 1934). It is possible that in Ginkgo it 
exercises some physiological function in connection with fertilisation by 
swimming sperms (Herzfeld, 1927), but its absence in the Cycadales and its 
presence in some of the Conifers and Ephedra is hard to explain. 

The central cell, which is extremely vacuolate in the earlier stages (Figs. 
32-34), soon becomes filled with cytoplasm. Vacuoles are still present, 
but they are smaller in size except at the upper end of the cell just near the 
nucleus. The cell itself also greatly increases in size as can be readily seen 
by a comparison of Figs. 32-39, and a conspicuous kinoplasmic mass often 
differentiates in the middle or a little towards the upper end. 


The mitosis leading to the formation of the egg and ventral canal nuclei 
was seen in three archegonia all belonging to the same ovule. One of these 
has been shown in Fig. 37. The chromosomes are extremely slender and 
stained deep black with hematoxylin, but the achromatic figure stained 
very lightly. It must be pointed out here that Berridge and Sanday (1907) 
suspected amitotic division of the central cell nucleus and Herzfeld (1922), 
who saw it in the diaster stage, did not observe any trace of the spindle 
fibres. 

Counts of chromosomes made in the division of the central cell nucleus 
indicate that the haploid number is certainly not more than 7. This is also 
the number given by Mehra (1934) from counts in nuclear divisions of the 
male gametophyte. The same number is found in E. maior and E. campylo- 
poda (Geitler, 1929), E. americana, E. nebrodensis var. procera, E. equisetina, 
E. procera var. chrysocarpa and E. procera var. erythrocarpa (Florin, 1932). 
In E. gerardiana (Mehra, 1934) and E. distachya (Florin, 1932) the haploid 
number is 14—just double of what is seen in the spp. mentioned above. 
This makes a strong case for taking 7 as the basic number in the genus 
Ephedra and even the whole of the Gnetales (see full paper by Florin, 1932), 
the only exception being E. trifurca, in which I,and’s count of the haploid 
number (12) appears to be short by 2. 
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No wall is formed between the egg and ventral canal nuclei, which lie 
free as in other species of Ephedra, on which a definite statement is available. 
The further behaviour of the ventral canal nucleus is extremely variable. 
It may either begin to degenerate soon after it is formed (Fig. 39), or it may 
continue to persist for a time (Fig. 38). The egg nucleus travels down to 
the centre and surrounds itself with a mass of cytoplasm staining more 
densely than the general cytoplasm of the egg and showing the presence of 
delicate strands radiating out from the centre in all directions (Fig. 39). This 
dense cytoplasm finally extends downwards to the base of the egg (Fig. 38). 
One exceptional case was observed in which the egg nucleus had passed down 
to the bottom of the cell and the ventral nucleus had travelled to the centre. 
The appearance of the latter indicated that it was very similar to the egg 
nucleus and could perhaps function in a similar way. 


Fig. 7 shows the condition of the whole ovule at this stage. The inner 
investment protrudes out and has a funnel-like opening. The outer, which 
comes next, is quite free from the former, but it sends out certain processes 
towards the inner side, which effectively seal the space between the two. 
The pollen chamber extends right down to the base of the gametophyte with 
its cone-like apex. The gametophyte itself is distinguishable into a looser 
upper part consisting of more delicate cells and the lower tapering portion 
which is loaded with food materials. A row of thin-walled cells extending 
from the base of the archegonia also becomes distinguishable at this stage. 
These cells are richer in food materials and it is through this region that 
the embryo is thrust down by the elongating suspensor. 


Several interesting abnormalities were met with regarding the arrange- 
ment and distribution of the archegonia. I am not including them here, 
as a mention of several of these would have to be made again in a subsequent 
paper, now under preparation. 


12. Summary. 


1. The male flower consists of a filament bearing three anthers at the 
top and a rudimentary perianth at the base consisting of two members. 


2. A plate of primary archesporial cells appears in each anther lobe. 
A primary parietal layer, cut off at the periphery, divides periclinally to 
form one wall layer and the tapetum. The former soon becomes flattened 
and crushed, while the cells of the latter enlarge and become 2-4 nucleate. 

3. Usually no cell-plates appear during the reduction divisions and 
quadri-partition of the mother cell occurs by furrowing. 

4, The pollen grains are five-nucleate at the time of shedding and 
contain 2 prothallial nuclei, one tube nucleus, one sterile nucleus and the 
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spermatogenous cell. Occasionally the second prothallial nucleus frag- 
ments into two nuclei. 


5. The ovulate strobilus consists of two ovules enclosed in four pairs 
of bracts. One of the ovules often aborts. 

6. The archesporium arises in the hypodermal layer and a primary 
wall cell is cut off at the periphery. Periclinal divisions in this and in the 
epidermal cells bury the megaspore mother ceil in the nucellus. 

7. A tetrad of four megaspores is usually formed, of which the inner- 
most functions. Sometimes two megaspores enlarge together and give rise 
to two gametophytes within the same ovule. 

8. Wall formation does not occur until after 500 nuclei have been 
formed and after wall formation the gametophyte becomes differentiated 
into two regions. 


9. The archegonium initials (usually 3 in number) are not clearly dis- 
tinguishable till after the division into the primary neck cell and central 
cell has taken place. The primary neck cell divides to form a neck of about 
30-40 cells. The central cell enlarges and gives rise to the egg and ventral 
canal nuclei. 


10. The haploid number of chromosomes, as counted from the division 
of the central cell nucleus, is 7. 


11. The upper end of the gametophyte forms a pointed apex that 
grows up into the pollen chamber. 
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EXPLANATION OF PLATES. 
Pirate LXI. 


Microsporogenesis and Male Gametophyte. 

8.—Part of anther, showing epidermis, one wall layer, tapetum and sporogenous cells. 
530. 

9—Same, older stage; many of the tapetal cells have become bi-nucleate and the 
microspore mother-cells are in synizesis. )< 530. 

10.—Microspore mother-cell in diakinesis. >< 1400. 

11.—First reduction division completed. 1400. 

12.—Second reduction division completed; nuclei arranged tetrahedrally. Note the 
furrows proceeding centripetally. >< 1400. 

13.—Tetrad of microspores. The thinly dotted area indicates the gelatinous matrix 
formed inside the mother cell-wall. >< 1400. 

14—Microspore. 1400. 

15.—First prothallial cell cut off. >< 1400. 

16.—Same; the remaining nucleus dividing again. } 1400. 

17.—Three-nucleate stage. x 1400. 

18.—Pollen grain with 2 prothallial cells at the lower end, the tube nucleus at the upper 
end, and the antheridial nucleus in the centre. >< 1400. 

19.—Same; but the antheridial nucleus has surrounded itself with its own plasma. 1400. 

20.—Antheridial cell divided into a large spermatogenous and a small sterile nucleus, 
both enclosed within the same sheath. >< 1400. 

21.—Abnormal pollen grain; the second prothallial nucleus has fragmented into two 
nuclei. 1400. 

22.—Pollen grain transversely cut; there are 16 ridges on the exine. In Figs. 14-21, 
the exine has not been represented. < 1400. 

23.—Double pollen grain cut transversely. >< 1400. 


Pirate LXII. 


Megasporogenesis and Female Gametophyte. 


24.—L,.S. nucellus with two hypodermal archesporial cells. >< 400. 
25.—Megaspore mother-cell, separated from epidermis by two wall-cells. >< 400. 
26.—Same, more advanced stage. < 400. 

27.First reduction division completed. >< 400. 

. 28.—Tetrad of megaspores; upper two are arranged diagonally. >< 400. 
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29.—Tetrad of megaspores, all arranged in one row; the upper three have already de- 
generated. >< 400. 

30.—Two-nucleate mega-gametophyte. 400. 

31.—Four-nucleate gametophyte. 400. 


Piate LXIII. 


Development of the Archegonium. 


32.—Archegonium initial divided into primary neck cell and central cell. >< 530. 

33.—Primary neck cell dividing. >< 530. 

34.—Primary neck cell divided anticlinally. >< 530. 

35.—Young archegonium; the central cell has enlarged and the primary neck cell has 
undergone several divisions. >< 350. 

36.—Upper part of gametophyte, showing the pointed apex and two archegonia. Note 
the large kinoplasmic mass in each archegonium. < 230. 

37.—Central cell; nucleus in metaphase. < 230. 

38.—Egg and ventral canal nuclei. > 230. 

39.—Same; the ventral canal nucleus is degenerating. < 230. 
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INVESTIGATIONS ON THE ROLE OF SILICON 
IN PLANT NUTRITION. 


Part I. On the Nature of Interaction between Soil and Soluble Silicates. 


By A. SREENIVASAN, M.A., 
Department of Biochemistry, Indian Institute of Science, Bangalore. 


Received January 26, 1935. 
(Communicated by Prof. V. Subrahmanyan, p.sc., F.1.c.) 


DuRING recent years, there has been increasing evidence to show that many 
of the elements which have hitherto been regarded as ‘“‘unessential’’ exercise 
profound influence on plant growth and metabolism. Some of these elements 
are essential to certain vital processes such as assimilation, while others impart 
general resistance and help to ward off a variety of plant diseases and insect 
pests. Many of these elements are normally present in useful quantities 
in most soils, but there are, nevertheless, vast tracts of land in which these 
elements are deficient and to which they must be supplied in some available 
form if healthy plant development is to be ensured. Among the various 
workers who have contributed to this important line of research, mention 
must be made of Bertrand and co-workers (1897, 1905, 1911, 1921, 1922), 
Mazé (1914, 1915, 1919), McHargue (1919, 1922, 1923, 1925, 1926, 1927), 
Brenchley and co-workers (1910, 1914, 1915, 1927), Warington (1923, 1926), 
Sommer (1926, 1928) and Haas and Reed (1927) who have shown that minute 
quantities of fluorine, iodine, zinc, aluminium, manganese and boron are 
essential to the normal growth of the plant. In spite of these useful advances, 
there are still some elements the precise réle of which has not yet been properly 
understood. Silicon is perhaps the foremost among these. 

Silicon occurs in all plant materials in quantities ranging from the merest 
trace to over 80 per cent. of the total ash (Criiger, 1857 ; Wicke, 1862 ; Wolff, 
1880; Hattensaur, 1890 and many later workers). Several investigators 
(Sachs, 1862; Knop, 1861, 1862; Pierre, 1866; Honnel, 1877; Jodin, 1883, 
1884; Pfeffer, 1900; Gregoire, 1911; Jennings, 1919; Sommer, 1926; 
Palladin, 1927 and others) have studied its physiological réle, and although 
their findings are not always in agreement, it may, nevertheless, be concluded 
that (a) silicon cannot be placed in the category of essential elements such 
as nitrogen or phosphorus, and (0) it plays a useful secondary réle by impart- 
ing general resistance to the plant and increasing the availability of other 
fertilising ingredients in the soil, 
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Kreuzhage and Wolff (1884) first drew attention to a probable relation 
between silicon and phosphorus in plant nutrition. The subsequent researches 
of Hall and Morison (1906), Shedd (1922), Schollenberger (1922), Iemmer- 
mann and co-workers (1922, 1925), Densch (1924), Duchon (1925), Gile and 
Smith (1925), Brenchley, Maskell and Warington (1927), Mange (1928), Seki 
(1928), Fisher (1929), Jensen and Lesch (1930), Arrhenius (1930), Reifenberg 
(1930) and others would point to the following :—(1) Silicate fertilisation 
increases the availability of phosphorus from soils which are either poor in 
that element or contain it in comparatively resistant forms such as rock- 
phosphates. Where phosphorus is present in a soluble or, at any rate, readily 
available form, the assimilation of the two elements seems to proceed in- 
dependently of each other. (2) Silicon does not appear to be capable of wholly 
substituting phosphorus in plant economy, but its ability to do so at least 
partially is still an open question. (3) The seat of interaction between silicon 
and phosphorus is not well-defined, but is probably in the soil. 


It may thus be seen that the precise nature of the relation between silicon 
and phosphorus is not fully understood. Further information is also required 
regarding the direct part played by silicon in plant metabolism. This would 
be of particular interest in regard to the nutrition of the rice plant, which is 
exceptionally rich in silicon (Nanji and Shaw, 1925) and flourishes best only 
under the conditions of the swamp soil. The present enquiry was, therefore, 
undertaken. 7 

It has long been known that the soil possesses the remarkable property 
of absorbing basic radicles from solution (Thompson, 1850; Salomon, 1867 ; 
Biedermann, 1869; Frey, 1875 and others). Explanations of this have been 
offered by Way (1850, 1852), Liebig (1858), Knop (1868) and others, but it 
was Van Bemmelen who showed in a series of classical memoirs (1900, 1904) 
that the phenomena are similar to those shown by colloids. Among the 
acid radicles, the absorption of phosphate has been studied by a number of 
workers (Van Bemmelen, 1879; Rostworowski and Wiegner, 1912; Russell 
and Prescott, 1916; Prescott, 1916; Fisher, 1921 ; Harrison and Das, 1921; 
Gordon et al, 1922, 1923; Comber, 1925; Roszmann, 1927; Miller, 1928; 
Teakle, 1928 ; Wiedemann, 1928 ; Doughty, 1930 ; Ghosh and Bhattacharya, 
1930; Ford, 1933; Scarseth and Tidmore, 1934; Dean, 1934; Floyd Heck, 
1934; Ravikovitch, 1934 and others), but there is considerable difference of 
opinion regarding the manner in which phosphate is removed from solution. 
Absorption of other anions has been studied by Russell and Prescott (loc. cit.), 
Arrhenius (1922), Van der Spek (1922), and, more recently, by Mattson (1927, 
1930, 1931), but very little is known regarding the retention of silicates in 
the soil, In view of this and the need for further knowledge regarding the 
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nature of relation between silicon and phosphorus in the soil, the present 
study on the nature of interaction between soil and silicate was undertaken. 


Experimental. 


MATERIALS USED.—Soils: The major part of the present study was 
conducted with two soils, one a light clay and the other, a sandy loam. The 
samples were air-dried and ground to pass the 40-mesh sieve. Sodium 
silicate —Kahlbaum’s solution (25 per cent.) was diluted ten times and filtered. 
The filtrate was used in the present investigation. It was necessary to check 
the strength of the solution from time to time as it was found that silica tended 
to separate on prolonged standing. 


Metuops.—Estimation of Silica : The quantities present in solution were 
determined by evaporation with hydrochloric acid to dryness on the water- 
bath followed by extraction with dilute hydrochloric acid and filtration. 
The precipitates thus obtained were ignited and weighed as silica (SiO). In 
each case, the filtrate was evaporated with fresh quantities of hydrochloric 
acid so as to include any silica that might have escaped precipitation during 
the first treatment. 


Composition of sodium silicate-—The percentages of water and of total 
solids were determined by drying first over the water-bath and then in a hot 
air oven (105°) for 4-5 hours and weighing. Silica was determined by the 
method outlined above, while the proportion of Na,O was estimated as 
follows:—10 c.c. of the stock solution was diluted largely (so that the hydro- 
lysis may be complete) and titrated against decinormal sulphuric acid. The 
values thus obtained were checked by an indirect method. A known excess 
of the standard acid was added to the silicate and the mixture evaporated 
almost to dryness on the water-bath. After all the silica had separated out, 
the residue was extracted with water, filtered, washed well, and the filtrate 
and washings back-titrated against standard alkali. The results have been 
given in Table I. 

TABLE I. 


siO, siO, 


Per cent. solid in 
Na,O | Na,O 


Sp. gravity solution 
(by weight) (Molecular ratio)| (Weight ratio) 
2-71 2-64 


1-021 | 3-80 10-6 


It was observed that when a solution of sodium silicate was treated with 
excess of mineral acid, the mixture remained quite clear, Separation of 
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silica commenced only after heating and was not complete unless the mixture 
was evaporated to dryness. 


Effect of treatment with increasing quantities of silicate on soil reaction — 
Samples (20 g.) of the clay soil were shaken with 50 c.c. each of a solution 
containing the equivalents of 1, 2, 3, 4, 5, 7, 9 and 10c.c. respectively 
of the stock silicate and the P, of the extracts determined colorimetrically 
using a Hellige Comparator outfit. The results have been presented in 
Table IT. 


TABLE II. 
Volume (in ¢.c.) of 
P,, of extract 7-6 | 7-8 | 8-0 | 8-4 | 9-2] 9-8 


It may be seen from the above that there is a steady shift in P, towards 
the alkaline side as the concentration of sodium silicate is increased. The 
change is more rapid in the later stages than in the earlier ones. Thus, with 
an addition of 5c.c. of sodium silicate, the reaction changes only from P,, 7-4 
to 8-0 whereas addition of another 5 c.c. raises this to P,, 9-8. The observa- 
tions would suggest that, in the early stages, the suspensions were buffered 
by some of the soil constituents. As the medium became increasingly alkaline, 
the buffering materials separated out, so that further additions of silicate 
solution led to rapid shift in P,,. 


Extraction of sotl-silicate mixtures.—Although the original soil itself 
yielded clear aqueous extracts, it was not possible to obtain similar extracts 
from suspensions to which silicate had been added. Even centrifuging at 
high speed (6000 R.P.M.) did not help to remove the suspended matter. This 
was found to be due to the action of alkali resulting from the hydrolysis of 
sodium silicate and consequent deflocculation of soil colloids. It was thought 
desirable therefore to treat the centrifugate with a suitable flocculant prior 
to filtering. No flocculant was added to the soil-silicate system itself so as 
to avoid interference with the initial reaction between soil and silicate. The 
following experiment was tried :—Samples (25 g.) of the clay soil were treated 
with 50c.c. each of water, the mixtures well shaken and then centrifuged 
for 30 mins. at 6000 R.P.M. To the centrifugate obtained in each case was 
added 10 c.c. of silicate solution (equivalent to 261-0 mg. of SiO.) followed 
by 5 drops of (1) normal hydrochloric acid solution, (2) normal sodium chlo- 
ride solution, and (3) saturated lime water respectively. The mixtures were 
allowed to stand for one hour, then filtered, washed and the silica in the filtrate 
and washings estimated in the usual manner. The results were as follows :— 
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(1) 268-3 mg. ; (2) 261-7 mg.; and (3) 202-4mg. The sample of soil to 
which no silicate was added (control) yielded a value of 3-8mg. It may be 
seen from the above that flocculation with hydrochloric acid yielded the 
most satisfactory results. The comparatively low recovery of silicate on 
treatment with lime water was probably due to the formation of the insoluble 
calcium-silicate complex. 


Retention of silicate by the soil—Samples (50 g.) of the soil were treated 
with varying quantities of the silicate solution and the suspensions allowed 
to stand for 10-15 minutes. Enough water was then added to make up the 
volume of suspensions to 200 c.c. in each case. They were then centrifuged, 
the centrifugates flocculated with dilute hydrochloric acid, then filtered and 
silica in aliquots of the filtrate determined (Table ITI). 


TABLE III. 
Silicate (as mg. of SiO.) 
added 52-2 130-5 261-0 391-5 522-0 
Silicate (as mg. of SiO.) 
extracted 29-6 86-8 161-0 233 -2 
Per cent. of silicate retain- 
ed by soil 80-7 77-3 66-7 58-9 55-3 


It may be noted that, in all the cases, the major part of the added silicate 
was retained by the soil. The quantities thus retained increased with those 
of the silicate. The corresponding percentages tended however to decrease, 
thus showing that there was a fall in the efficiency of retention. 


The above observations are similar to those recorded by some previous 
workers (loc. cit.) in regard to the retention of phosphorus in the soil. 


Extraction of silica by different soluents.—To 50 g. lots of the clay soil were 
added 20c.c. each of the silicate solution corresponding to 443-8 mg. of 
SiO,. After standing for 10 mins., the soil-silicate pastes were extracted on 
the Buchner with successive small quantities of different solvents until 
aggregate leachates of about 400c.c. each were obtained. In another set 
of experiments, the silicate treated soil was transferred to a shaking bottle, 
made with the extractant to 200 c.c. and shaken in an end-over-end shaker 
for a period of 6-8 hrs. (previous trials having shown that further shaking 
was unnecessary) and filtered. In each case the silica present in aliquots of 
the filtrate was determined and, from this, the total amounts in the 
extract calculated. The above experiments were also repeated with larger 
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quantities (100 g.) of soil. Table IV gives the particulars relating to the 
extractants used as also the total amounts of silica recovered from solution 
when the soil-silicate mixture was (A) repeatedly leached and (B) shaken 
with each extractant. 

The specimens treated with sodium carbonate solution did not filter 
easily. Centrifuging prior to filtration was somewhat helpful, but even then 
only small quantities of the filtrate could be obtained. The filtrates were 
dark coloured and contained humic matter which had been brought into solu- 
tion by the alkali. The organic matter had to be destroyed by treatment 
with hydrogen peroxide before silica in solution could be determined. 

It may be noted (Table IV) that the three acids extracted the maximum 
quantity of the silica while the buffer and sodium carbonate extracted considera- 
bly less. The quantities brought into solution by hydrochloric and citric 


TABLE IV. 
Solvent used for extraction 
Treatment 
Citric acid Acetic acid Hydrochloric | WalPele's sodium carbo- 
(1 per cent.) (1 percent.) |acid (1 percent.) nate (1 percent.) 
(Pu, 5-8) 
A | B A B A B A B | A B 
Silicon |(as mg. Jof ~extrac|ted. 
50 g. soil + sili- 
cate equivalent 
to 443-8 mg. 
of SiO» -+| 283-5 | 302-0 i oe 280-0 | 273-2 | 169-6 | 177-2 | 86-6 | 136-2 
100 g. soil + sili- 
cate equivalent 
to 443-8 mg. 
of SiOz .-| 273-2 | 280-8 | 179-3 | 207-6 | 276-1 | 274-9 | 155-9 | 155-9 | 92-2 | 133-8. 


acids were nearly the same while those by acetic acid were distinctly less. 
Attention may also be drawn to the fact that very nearly the same results were 
obtained by adopting either of the two methods of extraction except in the 
case of sodium carbonate. As the method of repeated leaching on the filter 
was a tedious process and occupied much time, the method of shaking with 
a known volume of solvent for 6-8 hours was, therefore, adopted in subse- 
quent experiments. 

Influence of reaction (Py) of solvent on the extraction of silicate-—The 
silicate solution (20c.c. ) was added to 100g. lots of the two soils and the 
mixtures extracted with different solvents. The H-ion concentrations of the 
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solvents as well as those of the extracts, as also the quantities of silica extracted 
in each case were determined (Table V). 


TABLE V. 
Light Clay; Pu, 7°5 Sandy Loam; Pu, 7+2 
Extractant | Of | silicate | Silicate | | | Silicate | Silicate | | 
Solvent |(as SiOz) |(as SiO2)| 28 | ° |(as SiOz)|(asSiO2)| | 
added |recovered| 9 added |recovered| 9 
(in mg.) | (in mg.) | | ™ ® | (in mg.) | (inmg.) | & 
Citric acid 2-2 | 443-8 279-2 | 62-9| 3-0 | 449-1 270-5 | 60-3) 3-2 
(1 per cent.) 


Hydrochloric acid <1-0 | 443-8 274-9 | 51-1 | 449-1 229-5 | 51-2) 1-2 
(1 per cent.) 


Sodium chloride .. 7-0 | 449-1 169-4 | 37-7 | 7-1 | 449-1 150-8 | 33-6| 7-0 
(1 per cent.) 


Acetic acid 2-4| 449-1 214-4 | 57-4] 449-1 169-0 | 37-6 | 3-0 
(1 per cent.) 


Sodium carbonate ..| >10-6 | 443-8 133-9 | 30-2 os 449-1 100-8 | 22-4 
(1 per cent.) 


Walpole’s buffer .. 5-8 | 443-8 155-8 | 35-9 | 5-2) 449-1 157-9 | 35-2] 5-2 
Citric acid ws 2-2 | 449-1 279-8 | 62-3] 2-8| 449-1 268-0 | 59-7| 2-8 
(2 per cent.) 


The above results do not show any relation between the reaction of the 
extractant and the extent of recovery of added silicate. Citric and hydro- 
chloric acids extracted the largest amounts of silicate. With the available 
evidence it is difficult to explain why different solvents extracted varying 
quantities of the silicates. 

Citric acid as extractant—Extraction with water being slow and 
tedious, it was considered desirable to use an extractant which will act 
quickly and efficiently. The previous observations having shown that 1 per 
cent. citric acid meets the above requirements, some experiments were carried 
out comparing the results obtained by using that solvent with those extracted 
by water alone. Samples (50 g.) of the clay soil were treated with increasing 
quantities of the silicate solution. The pastes thus obtained were extracted 
by (a) water, the procedure involving preliminary centrifuging at 6000 R.P.M., 
and (b) citric acid, the suspension being shaken for 6 hrs., prior to filtration. 
The results thus obtained have been given in Table VI, correction being 
applied for the silicate extracted from the original soil by water (3-8 mg. 
as SiO.) and citric acid (5-4 mg. as SiO,) respectively. 
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TABLE VI. 
Silicate added (as mg. of SiO,) .. 52-2 130-5 261-0 391-5 522-0 


Silicate recovered by water extraction 
(as mg. of SiO,) +s -- 10-1 29-6 86-8 161-0 233-2 


Silicate recovered by citric acid 
extraction (as mg. of SiO,) -. 12-4 50-4 129-8 236-4 301-2 


It would be seen from the above that although the quantities extracted 
by the two solvents are not identical, there is yet a close parallelism between 
the two. In addition to being rapid and yielding a clear solution, extraction 
with citric acid has also certain other features to recommend it. The acid 
is only slightly dissociated and, as a consequence, the P, of the resulting 
extract will not be greatly altered. That acid has also found extensive 
use in the determination of available phosphorus in soils (Dyer, 1894). In 


view of these advantages, citric acid was used as the extractant in later 
studies. 


Extraction with higher concentrations of citric and hydrochloric acids.— 
Samples (50 g.) of the clay soil were treated with known amounts of silicate 
solution and extracted with 1, 2 and 3 per cents. respectively of the two 
acids. More concentrated acid was not used as it was feared that it might 
affect the structural soil particles. The results are given in Table VII. 


TABLE VII. 


Citric acid (per cent.) Hydrochloric acid (per cent.) 


1 2 3 1 2 3 


SiO, recovered (in mg.) ..} 128-0 | 129-4 | 127-5 130-0 | 129-4 | 142-6 


Silicate originally added (as silica), 259-6 mg. 


The results show that there is no appreciable improvement in the ex- 
traction of silica with increasing concentration. The apparently better 
extraction obtained with 3 per cent. hydrochloric acid was subsequently 


traced to the fact that the structural particles were themselves being attacked 
at that concentration. 


Rate of extraction with water and citric acid.—To 50 g. lots of the clay 
soil known amounts of silicate solution were added. In one set of experiments 
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each sample was centrifuged with 100 c.c. of water and the super- 
natant decanted out. The sediment was then stirred with 100 c.c. of water 
and centrifuged. The process was thus repeated 4 or 5 times. In each 
collection of centrifugate, silica was estimated in the manner outlined before. 
In another set of experiments, the soil-silicate mixture was treated on the 
Buchner with successive 100 c.c. portions of citric acid, the filtrates collected 
separately and the total silica in each lot determined. The results are given 
in Table VIII. 


TABLE VIII. 
Silicate extracted (as mg. of SiO) 
First 100 c.c... oe 77-6 109-2 
Second 10-4 16-8 
Third om 3-8 8-4 
Fourth 3 +2 6-0 
Fifth 3 +6 5-4 


Silicate originally added (as SiO2), 259-8 mg. 


It may be noted that the major part of the soluble silica was extracted 
by the first 100 c.c. in either case. After the third extraction, the quantities 


TABLE IX. 
Clay Soil Loam Soil 
Silicate added 

(as mg. of SiO.) | Citric soluble | Percentage of | Citric soluble Percentage of 
silica (in mg.) |silica retained| silica (in mg.) silica retained 

44-8 11-6 74-1 10-6 76 

67-3 14-2 78-9 16-2 75-9 

112-1 49-2 56-1 45 -6 59-3 

224 +2 123 -2 45-1 119-3 46-8 

448-4 289-5 35-4 268 -7 40-1 
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extracted attained more or less steady, low values corresponding to those 
of the control, 7.e., the untreated soil itself. It would thus be seen that all 
the soluble silica was extracted in the first 200 c.c. 


Effect of addition of increasing quantities of silicate on citric solubility.— 
To 50 g. lots of the clay or the loam soil known amounts of silicate were added, 


and the citric soluble silica estimated in each case. The results are given in 
Table IX. 


As seen in the case of water extracted samples (Table III), while the total 
quantities of silicate retained by the soil increased, the corresponding per- 
centages showed a marked decrease. The clay soil retained more of the 
silicate than the loam. 


Influence of the nature of the soil on the extent of silicate retention.— 
Specimens (50 g. of each) of soils representing different types commonly met 
with in India and Ceylon were ground to pass the 40-mesh sieve, treated 
with known amounts of silicate and the amounts of citric soluble silica deter- 
mined in each case. The description of the soils as also the recoveries and 
percentage retention of silica are given below (Table X):— 


TABLE X. 
Silica recover- Silica 
mg mg 
Sandy soil—Jaffna (Ceylon) .. .-| 203-9 120-1 9-0 
Clay soil—Bangalore --| 123-2 100-8 45-0 
Red loam—Bangalore ie 119-2 104-8 46-8 
Black cotton soil (clay) —Nagpur a 46-4 178-0 79-3 
Karl soil (clay)—Sholapur.. 53 +7 170-3 76-0 
Kalar soil (alkali)—Sind --| 103-1 120-9 54-0 
Peat soil (acid)—Travancore .. --| 206-8 117-2 8-7 


Silicate added (as mg. of silica), 224-0. 


It would be seen from the above that the power of retaining silicates 
varies with the nature of the soil, being most in the clays and least in the 
sandy and peat soils. The rather high recovery from the peaty soil was 
partly due to its acid character (P, 3-0) and partly to the fact that it was 
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poor in clay. On the other hand, it appeared probable that the slightly 
alkaline character combined with the high buffering capacity of some of the 
other soils were responsible for the high retention in those cases. The re- 
action of the soil and that of the extract after treatment with 1 per cent. 
citric acid (P, 2-8) in those cases are given below (Table XI) :— 


TABLE XI. 
Soil P,, of soil | P,, of extract 
Black cotton—Nagpur 7-4 | 6-4 
Karl—Sholapur .. 7-6 | 6-8 
Kalar—Sind 7-8 | 7-6 


All the three soils, particularly the Kalar, have high buffering capacity. 
To obtain results comparable with those for other soils, separate extractions 
were carried out with these soils after addition of sufficient quantities of 
citric acid to bring the reaction to P, 7-0 in each case. The added silica 
was then extracted with excess of 1 per cent. citric acid in the usual way 
(Table XII). 


TABLE XII. 
| “aa 
Black cotton—Nagpur 54-6 75-6 
Karl—Sholapur 70-4 68 -6 
Kalar—Sind ‘ 109 -6 51-1 


The above results are of about the same order as those obtained without 
pre-treatment with citric acid (Table X). It may be concluded therefore 
that the reaction and the buffering capacities are only of minor importance 
and that the retention of silicate is due to other agencies—probably the 
nature and mode of distribution of mineral constituents in the soil. 


Effect of varying the quantities of soil and of silicate on citric soluble silica.— 
In the following experiments, the soil (clay) and silicate were mixed in vary- 
ing proportions and then extracted with citric acid. The results are given 
in Table XIII. 
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TABLE XIII. 
100 443-8 280-8 36-7 
100 221-9 117-5 47-1 
100 112-3 46-0 59-1 
50 443 -8 299-5 32-5 
50 224-6 123 -2 45-1 
50 112-3 52-4 53 +3 
25 449 -8 341-7 24-0 


As observed in one of the earlier experiments (Table IX), addition of 
increasing amounts of silicate to the same weight of soil led to decrease 
in the percentage of retention. When the same amount of silicate was 


added to increasing quantities of soil, there was correspondingly greater 
retention. 


Effect of time of contact on retention of silicate by soil_—To 50 g. lots of 
clay soil aliquots of silicate solution, each corresponding to 224-0 mg. of 


SiO., were added. The suspensions thus obtained were extracted with citric 
acid at different intervals of time. 


TABLE XIV. 
| 
Time of contact in | 
hrs. .. 2 4 8 24 
| 
Citric soluble silica 
(as mg.) .-| 123-4 | 123-2 | 123-6 | 122-8 | 121-2 | 123-6 | 122-4 
Retention percent. | 45-0] 45-1) 44-9| 45-2| 45-9] 44-9 45-4 


The results (Table XIV) show that, as in the case of phosphates, 
(Roszmann, loc. cit.; Scarseth and Tidmore, loc. cit.) the reaction between soil 
and silicate is practically instantaneous. Even heating the soil-silicate 
mixture for a few minutes at the boiling temperature of water prior to 
extraction did not appreciably alter the extent of retention. 
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Effect of moisture content of soil on the extent of silicate retention The 
clay soil (in 50 g. lots) was adjusted to different levels of moisture and then 
treated with the same quantities of silicate. The resulting mixtures were 
then extracted with citric acid and the silica contents of the extracts deter- 
mined (Table XV). 


TABLE XV. 
Percentage of 
moisture in 
the soil .. 0 4 10 20 30 40 60 100 
(dried at 
100°) 


Citric soluble 
silica(in mg.) 129-7 123-2 124-9 127-4 130-8 133-1 139-0 141-5 


Retention per 
cent. .. 42-2 45-1 44-3 43-2 41-7 40-7 38-0 36-9 


Silicate added as mg. of silica = 224.2. 


The results show that as the moisture content of the soil increases, there 
is perceptible decrease in the retention of silicate. As increasing moisture 
content of the soil will reduce the effective concentration of the added silicate, 
it would appear that the extent of dilution of the silicate is one of the factors 
determining the extent of retention by the soil. It may be further inferred 
that if the same quantity of silicate is applied to dry as well as swamp soil, 
the latter will contain more of soluble silica than the former. The oven- 
dried soil retains less silica than the one at 4 per cent. moisture. This may 
be due to partial loss of the power of retention on prolonged heating. 

Effect of igniting the soil on its power of retaining silicate—Samples (50 g.) 
of the two soils used in some of the previous studies were ignited for one 
hour at low red heat and then cooled. The products thus obtained were 


treated with known amounts of silicate and the citric extractable silica esti- 
mated. 


TABLE XVI. 
Heavy Soil (ignited) Light Soil (ignited) 
Silicate added 
(as mg. of silica) Silicate recovered| Per cent. Silicate recovered Per cent. 
(as mg. of SiO.) retention (as mg. of SiO.) retention 
224-0 222 -2 0-8 219-0 2-2 
448-0 439 +6 1-9 436-8 2°5 
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The results (Table XVI) show that both the soils lose their power of 
retaining silicate on strong ignition. 


Effect of soil organic matter on the retention of silicate—The foregoing 
observations naturally suggested that the organic matter of the soil may be 
responsible for the retention of silica. In order to verify this, samples of 
soil (50 g.) were gently oxidised by repeated warming with small quantities 
of hydrogen peroxide (6 per cent.) until further addition of peroxide did not 
show any effervescence. The product thus obtained was treated with known 
quantities of silicate after which citric solubility was determined in the usual 
way (Table XVII). 


TABLE XVII. 
Heavy Soil (oxidised) Light Soil (oxidised) 
Silicate added 
Silicate Per cent. |Silicate recovered Per cent. 
(as mg. of SiO.) | retention (as mg. of SiO.) retention 
224-0 124-7 44-3 118-0 47 +3 
(45 -0) (46 +8) 
448-0 288 -4 35 +6 271-9 | 39-3 
(35 -4) (40-1) 


Bracketted figures are for the unoxidised soil (control). 


It would be seen from the above that, if the organic matter is destroyed 
by a mild reagent that would not affect the ultimate structure of the soil, 
there is no appreciable change in the power of silicate retention. The reverse 
effect observed in the previous experiments should, therefore, be traced to the 
action of strong heat on the mineral constituents of the soil. 


TABLE XVIII. 


Fractions of Soil 
Silicate Coarse Silt Fine 
added 
asmg. of SiO,| Silicate Silicate Silicate 
recovered | Per cent. | recovered | Per cent. recovered | Per cent 
(asmg.of | retention | (as mg. of | retention | (as mg. of | retention. 
SiO.) SiO.) SiO.) 
224-0 212-3 5-2 146-1 | 34-8 114-4 48-9 


Silicate retention by the whole soil=45.0 per cent. 
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Retention of silicate by the textural separates of the soil—By adopting the 
process of water sedimentation, the soil was divided into three main fractions, 
(a) the coarse one comprising coarse and fine sand, (b) the silt (including fine 
silt), and (c) the fine fraction consisting mostly of clay. 50g. lots of the three 
different fractions were treated with known amounts of silicate solution and 
the citric soluble silica determined (Table XVIII). 


It may be noted that very little of the added silicate was retained by 
the fraction consisting of coarse and fine sand, and that while fixation by the 
silt fraction was appreciable, it was maximum with the clay fraction. Since 
it has already been shown that the organic matter has practically no influence 
on silicate retention, it may be inferred that the mineral constituents of the 
finer fractions of the soil are responsible for that phenomenon. 


Effect of addition of iron or aluminium oxide on the extent of silicate reten- 
tion.—Since the finer fractions of the soil contain fairly large quantities of 
iron and aluminium oxides, some experiments were carried out adding vary- 
ing quantities of those oxides to the clay soil (50 g.) prior to treatment with 
silicate solution. Citric soluble silica was then determined in the usual way 
(Table XTX). 


TABLE XIX. 
Ferric oxide Silicate Aluminium Silicate 
in g. as mg. of SiO, | P& in g. as mg. of SiO, 
0 123 -2 55-0 0 123 -2 55-0 
1 117-6 52-5 1 116 -6 52-1 
2 111-0 49 -6 2 110-0 49-1 
5 105 -6 47-2 5 98 -1 43-8 


Silicate added to soil (as SiO.) =224-0 mg. 


In another set of experiments, the soil (50 g.) was well mixed with vary- 
ing quantities of lemonite, haematite or bauxite. Silicate was then 
added and the citric soluble silica determined as before (Table XX). 


It may be seen from the table that addition of the two oxides either as 
pure chemicals or as minerals does not appreciably increase the retention of 
silicate. Similar observations were also made when varying quantities of 
laterite (rich in iron and aluminium oxides) were added to the soil. 
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TABLE XX. 
Silicate recovered as mg. of SiO, | 
quantity Soil + Mineral ~— | per cent. 
Lemonite (5g.) .. 112-8 6-4 106-4 47 +5 
Hematite (5g.) .. 109-2 7°38 101-4 45-3 
Bauxite 121-4 14-5 105-9 47 +3 
” (10 g.) .. 124-0 26 +2 97-8 43-7 


Silicate added as mg. of silica = 224-0. 


The foregoing observations relate primarily to oxides which were present 
in the insoluble condition. Since the finer fractions of the soil contain fairly 
large quantities of iron and aluminium in the colloidal condition, it was 
considered necessary to conduct further trials to elucidate the réle of those 
forms in the retention of silica by the soil. 

Effect of previous leaching with hydrochloric acid on retention of silicate by 
soil—Samples (50 g.) of the clay and the loam soils were leached on the 
Buchner with N. hydrochloric acid till about 500 c.c. of leachate was obtained 
in each case. It was expected that, by this treatment, a considerable part of 
the reactive iron and aluminium of the soil would be removed. The residues 
were air-dried, treated with known amounts of silicates and citric soluble silica 
estimated. ‘The leachates were also analysed for their contents of silica and 
sesquioxides (Fe,O3 + Al,O3). The results are given in Table XXI. 


TABLE XXI. 
Leachate Residue 
Soil Silicate as Sesqui- Silicate added a Percentage of 
oxides as mg. of | recovered as 
mg. of SiO, (Fe, Os) SiO. mg. of SiO, retention 

Light clay ..| 55-0 41-0 | 224-0 139-6 37-8 
(45 -0) 

Sandy loam .. 40-0 52-0 ” 134-2 40-1 
(46 +8) 


The biacketted figures were obtained for the unleached soil (control.) 
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The observations show that partial removal of reactive minerals leads to 
appreciable reduction in the capacity of the soil to fix silicates. 


Influence of lime on silicate retention—Representative specimens (50 g.) 
of the clay soil were intimately mixed with 1 and 2 g. respectively of freshly 
ignited lime and then treated with known quantities (224-0 mg. each as SiO2) 
of silicate. The mixtures were then extracted with citric acid using excess of 
the acid so as to neutralise the lime present. The results are given in Table 
XXII. 


TABLE XXII. 
Tretament 
Soil (50 g.) alone (control) 123-2 45-0 
» + CaO (1g.) 132-3 40-9 
» + CaO (2 ¢.) 140-6 37-2 


Pre-treatment with lime is thus seen to reduce considerably the extent 
of silicate retention. This is probably due to a part of the added silicate 
combining with the lime to form a labile calcium complex. On treatment 
with citric acid, the complex is broken up and silica passes into the extract. 
The possible formation of the calcium complex receives support from the 
fact that when lime is added after the silicate has reacted with the soil, no 
improvement in extraction is obtained. 


Mechanism of Retention of Silicate by the Soil. 


Exchange of bases during interaction between soil and silicate-——The two 
soils (in 300 g. lots) used in the previous studies were treated as follows :— 
(a) with 500c.c. of water alone, (b) 60c.c. of silicate solution followed by 
440 c.c. of water, and (c) 60 c.c. of sodium chloride solution containing 0-86 g. 
of the salt (the amount of exchangeable sodium being the same as that of 
the silicate solution used in b) followed by 440 c.c. of water. In each case, 
the suspension was allowed to stand overnight and then filtered. Clear 
filtrates were obtained from (a) and (c) but the filtrate from (b) had to be 
clarified by addition of a few drops of hydrochloric acid. Aliquots of the 
filtrates were then analysed for iron, aluminium and calcium. The determina- 
tions were carried out according to the A.O.A.C. methods (1930). The results 
have been presented in Table XXIII. 
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TABLE XXIII. 
(p.p.m.) Al, 0; (p.p.m.) (p.p-m.) 
Som.—LIGHT |CLAY. 
Soil untreated (control) 18 53 57 
Soil + Sodium silicate 20 55 63 
Soil + Sodium chloride 25 116 111 
Sor.—SAnDy |LOAM. 
Soil untreated (control) 24 37 26 
Soil 4+- Sodium silicate 29 27 32 
Soil + Sodium chloride 43 97 7&8 


It would be seen from the above that although treatment with silicate 
leads to slightly increased exchange with the different bases, the quantities 


are far less than those exchanged on addition of sodium chloride. 


The differ- 


ence between the silicate treated samples and the controls is indeed so small 
that it may be stated that the sodium of the former does not behave in the 


normal manner. 


Absorption of silicate by soil saturated with respect to different cations.— 
Samples (50 g.) of the clay soil were saturated with regard to hydrogen, sodium, 


TABLE XXIV. 
Silicate extracted 
Retention 
Soil used by wate 
(as a. of SiO.) per cent, 
Untreated (control) 86-1 66-8 
H. Soil 106 -9 58-8 
Na. Soil 84-9 67-3 
K. Soil 86-7 66 -6 
Ca. Soil 82-5 68 -2 


Silicate added to soil (as SiO,) = 259-2 mg. 
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potassium and calcium ions by leaching on the Buchner with successive 
small quantities of N/2 solutions of the corresponding chlorides. In the 
later stages, washing was done with more dilute solutions with a view to 
avoiding, as far as possible, mechanical retention of the solutions by the soil. 
The specimens thus obtained were air-dried and treated with known amounts 
of silicate. The mixtures were then extracted with water and the silica in 
the extracts estimated. The results are given in Table XXIV. 


The above results show that (except in the case of the hydrogen soil) 
the retention of silica is about the same in all the cases. The low retention 
by the hydrogen soil may be due to the acid nature of that sample which, 
as already observed, helps in the extraction of silicate from the soil. 


Relation between concentration of added silicate and retention of silica by 
the soil.—Fifty gram lots of the clay soil were treated with silicate solutions 
(20c.c. each) of different concentrations. They were then extracted with 
citric acid and the silica contents of the extracts determined. 


320F 


s 8 8 


Silica (in mg.) in solution. 


0 20 40 60 80 100 120 140 160 
Silica (in mg.) adsorbed by soil. 


Fic. 1. Adsorption of Silicate by Soil. 


When the amounts of silica present in solution are plotted against the 
corresponding quantities retained by the soil (Fig. 1), it is found that the 
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former is logarithmically proportional to the latter. This observation, to- 
gether with those of the previous experiments, would show that the retention 
of silicate is one of adsorption by the mineral colloids of the soil. 


Effect of addition of silicate on the composition of the soil solution.—The 
two soils used in the previous studies were moistened to 60 per cent. satura- 
tion and then treated with sodium silicate (Kahlbaum’s 25 per cent. solution) 
in quantities corresponding to 1-1 and 2-2g. of SiO, respectively. They 
were then expressed in a hydraulic press at 4000 Ibs. per square inch (Lipman, 
1918). The untreated soils were also expressed likewise. The soil solutions 
(20-30 c.c.) thus obtained were filtered carefully and the total silica in 20 c.c. 
of the filtrate determined in each case. The related observations have been 
given in Table XXV. 


TABLE XXV. 
Moisture per cent. on 
; ilica (in mg.) 
Treatment a in 20 c.c, at 
Before After soil solution 
pressing pressing 
Clay soil (500 g.) 
alone (control) .. 26-8 22-0 6-8 32 
» + silicate (equivalent to 
1-1 g. of SiO.) 27-2 20-5 7 +2 30 
» ‘+ Silicate (equivalent to 
2-2 g. of SiO,) ve 27 +3 20-6 7-4 30 
Loam soil (500 g.) alone (control)} 14-9 8-1 si 26 
» + Silicate (equivalent to 
2-2 g. of SiO,) ua 15-6 7-0 _ 32 


It is rather surprising to note that although fairly large quantities of 
silicate were added, the silica content of the soil solution was still not apprecia- 
bly affected. The silicate had no doubt reacted with the soil as may be seen 
from the change in reaction. It has to be inferred, therefore, that the silicate 
ion or silicic acid (resulting from hydrolysis) had combined with the mineral 
colloids of the soil to form an insoluble complex. Extraction of a portion 
of the added silicate by leaching with either water or citric acid would there- 
fore appear to be the result of a secondary reaction. 
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Discussion. 

The results of the present enquiry have thrown much light on (a) the 
chemical nature and behaviour of silicates in solution, and (b) the mode of 
interaction between soil and silicate. Useful information regarding the 
extraction and general “ availability’’ of silicon under a variety of conditions 
has also been obtained. 


The silicate used in the present study (which is a well-known commercial 
brand) contained a high proportion of silicon and corresponded to the em- 
pirical formula NagSigOj9. It was completely hydrolysed by water and the 
solution behaved as a mixture of alkali and silica sol. 


The reaction between soil and silicate would naturally resolve itself into 
interaction with dilute alkali on the one hand and colloidal silica on the other. 
The former would tend to make the soil somewhat alkaline but the quantities 
being small and the soil rich in buffering constituents, it is hardly probable 
that the application of the silicate would seriously affect the physical proper- 
ties of the soil. The presence of the alkali should nevertheless be taken into 
consideration when evaluating the fertilising value of silicate. The silica 
sol behaves independently of the alkali and is adsorbed by the mineral colloids 
of the soil. The extent of retention of silicate by the soil is determined by 
a number of factors, the most important among which are (a) the moisture 
content and (b) the nature of the mineral constituents forming the clay fraction 
of the soil. The other changes attendant on the application of the silicate 
(especially in regard to the release of anions such as phosphate) are still awaiting 
systematic study, but it may be safely concluded that they would largely 
depend on the nature and extent of adsorption of the resulting silica sol. 
It would thus be seen that the process of silicate fertilisation is essentially 
an elegant method of applying colloidal silica to the soil. 


The adsorption studies have already shown that the retention of silica 
by the soil proceeds largely in accordance with the laws of colloidal behaviour. 
Since the active mineral constituents of the soil are mostly composed of the 
oxides of iron, aluminium and silicon, it would be of interest to conduct further 
systematic studies with pure gels of those oxides. It may be expected that 
the enquiry would show as to which of the mineral constituents is most con- 
cerned in the adsorption of silica and the associated changes. It would also 
explain why, under the same conditions, different soils adsorb silica to such 
varying extents. Work on this aspect of the problem has already been 
completed and would form the subject of the next communication. 


A part of the added silicate can be leached out from the soil by addition 
of either water or dilute acids, the most satisfactory among which is ] per cent, 
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citric acid. The quantities thus extracted would naturally depend on the 
same factors as those responsible for the retention of silica in the soil. The 
soluble silica would correspond, at any rate approximately, to the quantities 
that may be taken up by the growing plant. It would thus come in the same 
class as phosphoric acid, the availability of which is an important factor 
in crop production. The precise significance of the availability of silica in 
field practice is still obscure, but it may be reasonable to, assume that it will 
at least give an idea of the silica that may be taken up by the crop. 

The nature of interaction between soil and silicate would suggest that 
it may assist in plant growth in one of the two following ways :—(a) by becom- 
ing directly available to the plant, and (b) by releasing from combination 
certain fertilising ingredients which may not otherwise be available to plant 
nutrition. A useful measure of the direct availability of silica would be 
provided by either water or citric solubility. The extent to which the added 
silicate increases the availability of other fertilising ingredients such as phos- 
phates would depend on (1) the total amounts of such constituents in the 
soil, and (2) the capacity of the soil to retain silica and anions in general. 
In the former case the quantity of added silicate (above a certain minimum) 
will not appreciably increase its utility : in the latter, the availability of the 
other constituents (such as phosphates) would largely depend on the quantity 
of silicate applied. Further work along these lines is in progress and it is 
hoped that, before long, it will be possible to throw some light on this important 
aspect of the problem. 

Attention has already been drawn to the low retention and consequently 
high availability of silica in presence of increasing quantities of water. It 
is also known that under the conditions of the swamp soil, decomposition of 
organic matter results in the formation of acid products (Subrahmanyan, 
1929; Bhaskaran et al, 1934) which should further help in the extraction 
of silica. It may be naturally expected, therefore, that, under the condi- 
tions of the swamp soil, larger quantities of silica would be rendered 
available than under the corresponding dry conditions. This would naturally 
account for the high silica content of the rice plant as also certain other 
plant species (such as Eragrotis cynosuroides, Saccharum spontaneum and 
Imperata arundinacea) which are known to flourish under swamp conditions. 
Further research is needed, however, to show whether the greater intake of 
silica is directly related to the increased yield of crop which is always obtained 
under the swamp soil conditions. 


Summary. 


1. When soil is treated with a solution of alkali silicate, (a) the reaction 
of the mixture becomes slightly alkaline and (b) a considerable part of the 
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silicate is retained by the soil. As the concentration of the silicate is in- 
creased, the soil becomes increasingly alkaline (P, 7-4-—9-8): larger quantity 
of the silicate is also retained though the percentage of retention is lowered 
(from 81 to 55). 

2. The retention of silicate is not appreciably affected by the 
reaction of the soil. It occurs over a wide range of H-ion concentrations 
1-0- 10-6). 

3. The procedure for extracting and estimating uncombined silica has 
been standardised. It has been found that extraction with 1 per cent. citric 
acid yields clearer extracts and more reliable estimates than that with water. 
Dilute solutions of other organic acids, as also mineral acids, are useful but 
not so efficient as citric acid. Increasing the concentration of citric acid 
beyond 1 per cent. does not also improve the extraction of silica. 

4. The extent of silicate retention depends almost exclusively on the 
composition of the soil. The reaction and the buffering capacity of the soil 
do not appreciably affect the retention of the silicate. 

5. The reaction between soil and silicate is almost instantaneous. The 
extent of silicate retention is not appreciably altered even after prolonged 
contact (24 hrs.) with the soil. 


6. As the moisture content of the soil is increased (from 4 to 100 per 
cent.) there is perceptible decrease in the retention of silicate. 


7. The soil continues to retain silicate even after oxidation of organic 
matter with hydrogen peroxide. On the other hand, ignition to low red 
heat deprives it of that property. 


8. When the structural separates of the soil are treated with silicate, 
the coarse fractions (coarse and fine sand) show comparatively poor reten- 
tion (5-2 per cent.), silt retains more (34-8 per cent.) and clay, the most 
(48-9 per cent.). 


9. Addition of iron or aluminium oxide either as pure (precipitated), 
chemical or as mineral ore does not cause any marked increase in silicate 
retention. On the other hand, preliminary extraction of soil with dilute 
(4 per cent.) hydrochloric acid reduces the power of retention thereby show- 
ing that the active constituents are leachable. 


10. Application of lime prior to addition of silicate reduces the extent 
of retention. 


11. There is no cationic exchange following the treatment with silicate. 
Soils saturated with regard to different cations exhibit the same degree of 
silicate retaining capacity as unsaturated ones. 
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12. The relation between concentration of silicate and retention of 
silica is logarithmic, thereby showing that the interaction between soil and 
silica is mainly one of adsorption. 

13. Application of silicate does not appreciably affect the concentra- 
tion of silica in soil solution. 

14. The significance of the above and allied observations has been 
discussed. The silicate solution behaves essentially as a mixture of alkali 
and silica sol. The alkali is responsible for the change in reaction while the 
silica sol is associated with the various adsorption phenomena recorded in 
the present study. A part of the silica is available for direct intake by plants, 
while the rest interacts with the mineral constituents of the soil. The possible 
relation of the latter to increased availability of fertilising ingredients such 
as phosphates is indicated. The mechanism of increased intake of silicon 
by the rice plant under swamp soil conditions is also discussed. 

The author’s thanks are due to Prof. V. Subrahmanyan for his interest 
in the progress of the work, helpful guidance and suggestive criticism. 
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Introduction. 


StncE 1916 when the genus Dipterocarpoxylon was first instituted by late 
Miss Holden, several other species have been referred to it from various 
countries: Colani, (1919), pp. 1-8; Krausel, (1922 a), pp. 231-38, (1922 d), 
pp. 9-15; (1926), pp. 1-6; Berger, (1927), pp. 495-498; Sen, (1930), pp. 
139-141 ; Bancroft, (1932), pp. 59-100; Chiarugi, (1933), pp. 106-118. But 
it seems unnecessary to go into the details of these in view of Dr. Bancroft’s 
recent publication on the subject (Bancroft, 1933, pp. 59-100). She has 
referred to almost all the previous works on the fossil record of the family 
Dipterocarpacea. The latest work by Prof. Chiarugi, (1933, pp. 106-118), 
describing three new species of Dipterocarpoxylon, appeared after her paper 
was published. Prof. Chiarugi’s species all fall under the genus Diftero- 
carpoxylon as defined in the present paper. The specific characters seem 
to have been based upon the structure of the medullary rays, specially their 
tangential aspect. He describes the ray cells and the height, thickness and 
shape of the uniseriate, biseriate and multiseriate rays more clearly than 
most authors have so far done in describing the species of Dipterocarpoxylon. 
But he neither figures nor completely describes the radial sections. 

In the accompanying table I have summarised the age, localities 
and more important anatomical features of all the fossil woods which seem 
to me to belong to this genus. I have purposely omitted from this table 
a few species, including D. burmense, for reasons given in my previous paper 
(Gupta, 1935, pp. 549-555). It must, however, be admitted that for a 


really adequate review of the genus a comparison of all the type slides 
would be necessary. 


In view of the fact that Dipterocarpoxylon is now a recognised form- 
genus for all those fossil Dipterocarpaceous woods whose affinities with 
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particular living species are not possible to ascertain, and since many more 
species of Dipterocarpoxylon have been described in recent years from various 
countries, and particularly as the original species has now been transferred 
to a new genus Irrawadioxylon Gupta, the diagnosis of the genus Diptero- 
carpoxylon needs to be redefined. 


Dipterocarpoxylon Holden, emend. Gupta. 


Growth-rings usually absent. Vessels large, isolated, sometimes forming 
a small group of 2, 3 or more. Vessels with simple perforations. Rays 1-6 
sertate ; 2-100 cells high, usually filled with resin. In radial section central 
cells of the medullary rays generally horizontally stretched, flank cells may be 
squarish. Parenchyma round the vessels and in tangential bands. Resin 


canals may be present. Geological age tertiary to recent, going back doubtfully 
to the Cretaceous. 


Dipterocarpoxylon Holdeni sp. nov. 


Diagnosis :—Growth-rings absent ; no tylosis ; vessels large and scattered, 
occasionally forming a small group of 2 or 3. Rays 2-4 seriate, 20-100 cells 
high. Parenchyma round the vessels and in tangential bands of up to eight cells 
thick. Resin canals absent. 


Original block (VI. T. 120) in Sedgwick Museum, Cambridge ; a piece 
from this and three sections in the Botany Department, Lucknow University. 
Locality and Age: Mio-Pliocene (Wadia, 1926, p. 240). 


In 1914 Mr. F. W. Cuffe had presented two blocks of fossil wood from 
Burma, each about ten inches long, to the Sedgwick Museum, Cambridge ; one 
of these was described by Miss Holden in 1916 as D. burmense Holden (1916, 
pp. 267-272). This species was recently renamed Jrrawadioxylon burmense 
(Hold.) Gupta for reasons given elsewhere (Gupta, 1935, pp. 549-555). The 
other block, probably thought by Miss Holden to belong to the same species, 
was left unsectioned. It was very kindly lent by Mr. Brighton for descrip- 
tion. This is the specimen here described as D. Holdeni sp. nov. 


Description :—The material consists of a block about 25 cm. long, com- 
posed exclusively of secondary wood. There is an appearance of well- 
marked growth-rings on the solid block and the preservation seems good ; 
but on sectioning it becomes clear that the rings are not due to the difference 
in thickness of the woody elements but to the presence of thick tangential 
bands of parenchyma (Figs. 1, 2). The vessels are uniformly scattered, 
sometimes arranged radially in groups of two or three. Parenchyma also 
occurs round the vessels but does not assume any definite shape in the 
cross-section of the wood. 
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No. Species Loc. and Age oa of rays in cell number rip 
tang. Sec. 
| 
1 | Dipterocarpoxylon Tobleri | Sungi Klawas. S. Sumatra, | long elliptic ; scattered. ca. 10-40; 3-4 ser. | rad. sec 
Kraus. 1922 (a). Lower Miocene. 
2 | D. Swedenborgii Kraus. | East Indies ‘Tertiary. . 
1922 (4). 
3 | D. javanense Kraus. Java, Tertiary. round scattered; radially arranged.| ca. 10-40; 3-4 ser. | heavily pi 
1922 (6). 
4 | D. Kréduseli Berg. 1923. | Bunga Mas am Ajer Kikim, | elliptic ; scattered. ca. 10-40 ; 2-4 ser. | rad. sec. 
S. Sumatra, older or Pre- : 
Miocene. 
5 | D. Gépperti Kraus. 1926.| Java (Nangoeng), Terti-| elliptic ; scattered ; seldom group-| ca. 6-50; 1-3 ser. | rad. sec. 
ary. ed 2- 
6 | D. spectadile Kraus. 1926. | Java, Pliocene. elliptic ; scattered ; seldom group-| ca. 3-30; 2-5 ser. | rad. sec. 
ed 2- 
7 |D. moroides Kraus. 1926. | Java, Tertiary. round ; scattered ; isolated. upto 40; 1-5 ser. | rad. sec. 
8 | D. djambiense Berg. 1927. | Sungi Mekekal. Java, older | round ; scattered. upto 60; 2-5 ser. | rad. sec. 
or Pre- Miocene. 
9 | Dipterccarpoxylon spp. Sumatra: Pliocene; Java: 
Edw. 1931. Plio-Pleistocene. 
10 | D. africanum. Bancroft. Mt. Elgon, Africa, Terti- | elliptic : scattered ; seldom group- 2-30; 1-3 ser. | poor pres 
1932. ary. 2-3. heavily® 
11 | D. scebelianum. Chiarugi. |Somalia, Benadir, Plio- | elliptical oval; scattered ; seldom 2-20; 1-3 ser. | Not figu 
1933. Pleistocene. grouped 2-4, describé 
12 | D. somalense. Chiarugi. Somalia, Benadir, Plio- | elliptical oval; scattered; seldom 3-20; 1-3 ser. | Not figu 
1933. Pleistocene. grouped 2-3. descri 
13 | D. giubense. Chiarugi. Somalia, Benadir, Plio- | elliptical oval ; seldom grouped 1-18; 1-3ser. | Not figu 
3. Pleistocene. 2-3. describ 
14 | D. holdeni. sp. nov. Gwedindon, Sagaing dist., | round ; scattered ; seldom group- 20-100; 1-4 ser. | poor prd 
Gupta. 1934, Burma, Mio-Pliocene. ed 2-3. flank 
15 | Dipterocarpoxylon sp. Ajer Saling (Sumatra), Not known. rad, sec 


Gupta. 1934. 
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1. sec. not figured. not seen. present. | scattered; round the Shorea spp. 
vessels, 

Shorez (Chiarugi). 
avily pitted. simple crowded. | present. | tang. bands. Dipterocarpacez. 
d. sec. not figured. sec. not figured. | present.| tang. bands; round the} Dipterocarpacex. 

vessels. 
d. sec, not figured. not seen. present. | tang. bands. Dipterocarpacez. 
d. sec. not figured. not seen. present. | anastomosing tang. bands.| Dipterocarpacex. 
d. sec. not figured. sec. not figured. | present.| tang. bands. Shorea robusta. 
d. sec. not figured. sec, not figured. | present.| tang. bands; round the| Dipterocarpaceez. 
vessels. 
yor preservation ; horizontal orin- | present.| tang. bands; scattered Dipterocarpacez ; 
heavily pitted. clined pits. patches; round secr. canals.| Monotoidez. 
ot figured or clearly | simple pits. present. | tang. bands; round the| Dipterocarpacez. 
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described. double. 
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Dor preservation ; simple crowded. | absent. | thick tang. bands. Dipterocarpacezx. 
flank cells squarish. 
id. sec. not figured. sec. not figured. | present. | tang. bands. Dipterocarpacez. 
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In tangential sections numerous 2-4 seriate medullary rays are found 
scattered in the ground substance of the wood (lig. 7). The height of the 
rays varies from 20 to 100 cells. The shape of the individual cells composing 
the rays is almost round. The pitting on the walls of the cells is not seen. 
The cells of the tangential bands of parenchyma seen in cross-sections of the 
wood are here elongated in the vertical plane (Fig. 3). The details in the 
radial section of the wood are not possible to work out owing to the indifferent 
preservation of the material. However, the central cells of the medullary 
rays are horizontally elongated (Fig. 5), while the flank cells tend to become 
squarish (Fig. 3). The pitting on the walls of the ray cells is not preserved 
but there is an indication of heavy pitting at least on the tangential walls 
(Fig. 5). Besides regular simple pitting on the vessels there are one or two 
big perforations (Fig. 3) round which a resinous secretion is seen deposited. 
The tangentially disposed parenchyma of the cross-section of the wood is 
seen running as thick bands in the radial section (Fig. 3). The medullary 
ray cells are also full of resinous secretion. ‘This resinous content, so commonly 
found in the medullary rays of such fossils, is no doubt the secretion of these 
plants. It may very likely be similar, although perhaps not identical, with 
Burmite, an amber first described by Helm (Helm, 1893, p. 61) from the 
Amber mines of Burma and regarded by Cockerell (Cockerell, 1922, pp. 713-714) 
as beiug probably derived from fossil woods like Dipterocarpoxylon burmense. 


Affinities of D. Holdeni sp. nov. 


From a general survey of the literature on fossil Dipterocarpacee, it is 
seen that eighteen species were originally described under the form-genus 
Dipterocarpoxylon excluding the type described in the present paper. As 
mentioned above, four of these have now been removed from this genus and 
only fourteen are left for our consideration. From a glance at the table 
which shows the more important characters of all the known Diptero- 
carpoxyla it will be clear that the present material is distinct enough to be 
regarded as a new species. ‘The nearest approach to the present species is 
seen in D. djambiense Berger. The resemblances are in the shape and dis- 
tribution of the vessels, in the tangential bands of parenchyma and in the 
medullary rays. ‘The occurrence of 2-4 seriate medullary rays in D. Holdeni, 
with their height of about 100 cells, is more comparable with the condition 
in D. djambiense, having 2-5 seriate rays of about 60 cells high, than with any 
other species of Dipterocarpoxylon. 


Dipterocarpoxylon sp. Kriusel 1922 a. 


A specimen of dicotyledonous wood from Ajer Saling, South Sumatra 


(older miocene or pre-miocene), doubtfully referred to Dipterocarpoxylon 
BS F 
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by Krausel (Krausel, 1922 a) shows characters similar to those of Diptero- 
carpoxylon as defined in the present paper. Krdausel described it as follows :— 
Growth-rings absent; tangential bands of parenchyma containing resin 
passages ; vessels scattered or in groups of 2-3; medullary rays mostly 2-3 
seriate ; resembling Shorea more than Dipterocarpus ; finally he says “Man 
kann nur sagen, dass es sich auch hiet wahrscheinlich um eine Dipterocarpacee 
handelt.’’ The above description with the figures given by Krausel, though 


not enough, is yet conclusive for the specimen to be placed in this form-genus 
of Dipterocarpaceous woods. 


From the foregoing description of the present material and from the 
brief review of the other species, it will be clear that the comparison of 
Dipterocarpoxylon with the living Dipterocarpacee is even more fully justified 
than was imagined by the earlier authors: Holden, Colani, Stopes, etc. A 
few photographs (Figs. 4 and 6) of sections prepared from the wood of Shorea 
robusta are given in the present paper for comparison with D. Holdeni. Some- 
times the similarities are so close that, allowing for diilerences which are 
obviously due to petrifaction, some of the fossil specimens might easily pass 
for samples of Shorea wood. But the structure of the wood by itself is not 
yet such a reliable basis for generic distinctions among the Dicotyledons. 
It therefore seems preferable to content ourselves with adopting a more 
general name such as Dipterocarpoxylon (‘woods of Dipterocarpaceous 
affinity”), rather than a name like Shoreoxylon, which on further knowledge 
may turn out to be unjustified. 

In this connection it is significant to recall that the natives of Pegu, to 
whom these fossil woods of Burma have long been familiar, have been acute 
enough to detect their resemblances with the wood of modern Dipterocar- 
pace, a family well represented in the forests of that country. Wadia 
(1926, pp. 240-241) mentions the occurrence of “hundreds and thousands of 
whole trunks of silicified dicotyledon trees and huge logs lying in the sand- 
stones” of the Irrawady system, and suggests that they are the result of 
“denudation of thickly forested slopes of the Arakan Yoma”. Without 
critically examining a much larger number of specimens, it would be rash 
to assert that these Miocene and Pliocene forests of Burma were composed 
chiefly of Dipterocarpaceous trees. Evidently there is an inexhaustible 
field for further work in this region: all well-preserved fragments should be 
sectioned and compared with trees in the modern forests of Burma, for there 
can be little doubt that the latter are the direct descendants of the extinct 
forests of the Arakan Yoma. 

In this way it may be possible at some future date to reconstruct at least 
a part of the flora which sustained the great fauna of the Siwalik period. 
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Distribution. 

The past and present geographical distribution of the family Diptero- 
carpacee has recently been fully discussed by Bancroft (1933, pp. 59-100). 
The distribution does not seem to have changed materially since the tertiary 
period. The present-day members of this family are found in tropical Africa 
and Asia from the Seychelles to New Guinea, with the main centre in India ; 
species of Dipterocarpus, Shorea, Hopea and Vatica are common in Burma 
(Willis, 1919, p. 22; Edwards, 1923, p. 161; Seward, 1933, p. 398). The 
family is also represented in Indo-China, the Malay Peninsula and the islands 
of Java, Sumatra and Borneo (Engler and Prantl, 1925, p. 247-248). | Most 
of the fossil woods so far discovered and placed in the form-genus Diptero- 
carpoxylon also come from the above region. 

Dr. Bancroft’s conclusion that the typical Dipterocarps were much 
more widely distributed in the pre-Pleistocene times, is further strengthened 
by the additional finds of Dipterocarpoxyla in East Africa by Prof. Chiarugi and 
by the discovery of an authentic specimen from Burma described in the 
present paper as D. Holdeni sp. nov. (see map below). 


ASIA 
+ 2 
AFRICA 
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5 Spp. 
@ Fossil Dipterocarpoxyla. 
+ Doubtful Dipterocarpoxyla. 


Trrawasdioxylon burmense. 


Distribution of Fossil Dipterocarpoxyla. 
(The various positions marked are approximate.) 


Summary. 
The present paper comprises firstly a brief review of all the known 
Dipterocarpoxyla described since 1916 when Miss Holden instituted this 
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genus. The more important anatomical characters of all the species have 
been summarised in the form of a table. But the original species D. bur- 
mense and a few others have been omitted because their affinities with the 
Dipterocarps are open to serious doubt. 


Secondly, a new species of Dipterocarpoxylon (D. Holdeni) has been 
described from the Irrawady system (mio-pliocene) of Burma. The poor 
preservation of this species has prevented further comparison with the timbers 
of the living Dipterocarpacee, but the close resemblance with the wood of 
Shorea robusta brought out in the present paper amply justifies the reference 
of this wood to the “‘Sal”’ family. 
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EXPLANATION OF PLATE. 
Fig. 1.—Dipterocarpoxylon Holdeni, sp. nov. Trans. sec. general distribution of vessels, 
thick tangential bands of parenchyma and the medullary rays. \< 25. 
Fig. 2.—Ibid. Trans. sec. enlarged to show the thickness of the parenchyma band. x 90. 
Fig. 3.—D. Holdeni, sp. nov. Rad. sec. showing a vessel with a large perforation, parallel 
bands of parenchyma and rather badly preserved medullary rays. >< 50. 
Fig. 4.—Shorea robusta. Rad. sec. showing the shape of the medullary rays. \< 50. 
Fig. 5—D. Holdeni, sp. nov. Rad. sec. showing the indication of heavy pitting on the 
tangential walls of the ray cells. > ca 500. 
Fig. 6—Shorea robusta. Tang. sec. for comparison with Fig. 7 of D. Holdeni. 65. 
Fig. 7—D. Holdeni, sp. nov. Tang. sec. showing the general distribution of the medullary 


rays. \ 65. 
(All the photographs are taken by the author.) 
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Introduction. 


THE family Berberidacee has not yet received sufficient attention from 
morphologists. The references to literature are few and mostly in the nature 
of incidental remarks. A review of the previous work has already been 
given by Schnarf (1931), and so far as I know, no new papers have appeared 
since then, except one by Arzt (1933), who describes the embryogeny 
in Podophyllum emodi and Eranihis hiemalis. In both these plants the early 
development of the embryo shows marked peculiarities. There is a massive 
suspensor and the cotyledons become united at the base, forming a tubular 
structure with the plumule at the bottom. 

The material was collected from Darjeeling, where I went on a short 
botanical excursion with Dr. P. Maheshwari in October, 1933. At that 
time of the year, there were no open flowers, but some of the buds were 
sufficiently old to show mature embryo sacs. Formalin-acetic-alcohol was 
used for fixing and the usual methods of dehydration and imbedding were 
followed. Sections were cut 5-12 microns thick, stained in Haidenhain’s 
iron-alum hematoxylin and differentiated in a saturated aqueous solution 
of picric acid. 

The Flower. 

The inflorescence is a raceme and the short-stalked yellow flowers are 
situated in the axils of large bracts. Each flower has six sepals in two 
whorls of three each, nine petals in three whorls of three, six stamens in two 
whorls of three, and a single carpel (two, according to the theory of Carpel 
Polymorphism—see Saunders, 1928; p. 175). The petals of the two inner- 
most whorls have a pair of prominent nectaries at their bases and a notch 
at their tops. The carpel has a short style and a disc-shaped stigma with 
its margins turned downwards. The style is short and hollow and is lined 
internally with a glandular tissue. In younger flowers the canal is fairly 
wide but as the flower advances in age, the glandular cells increase and at 
maturity become papillose specially at the upper end. This glandular 
640 


: 
= 


The Gametophyles of Berberis nepalensis Spreng 641 


tissue is continued even into the ovary. The marginal cells of the stigma 
develop into long hairs and become richly protoplasmic. The presence 
of such a stylar canal is supposed to bea primitive feature (cf. Coulter and 
Chamberlain, 1903; p. 25). 

Microsporogenesis. 

Each anther has four microsporangia. It is difficult to mark out the 
archesporial cells in the beginning, but as soon as they are distinguishable, 
there is already a group of them in each lobe. The endothecium, 2-3 middle 
layers (rarely four may be seen at certain places), and the tapetum are formed 
in the usual manner. Fibrous thickenings are developed in the endothecium 
at maturity. Of the middle layers, the one adjacent to the tapetum dis- 
organises at the time when the microspore mother cells are in synizesis and 
only its degenerated remains are seen when the mother cells are in the meta- 
phase of the first reduction division (Fig. 1); the other two degenerate soon 
after, but their remains can be distinguished even up to the stage when the 
pollen grains are bi-nucleate. 

The microspore mother cells do not round up even as late as the meta- 
phase of the first reduction division (Fig. 1) and undergo the usual reduction 
divisions to produce four microspores arranged either tetrahedrally or iso- 
bilaterally (Figs. 2, 3). No cell plate appears after the heterotypic divi- 
sion. My material does not permit me to make a definite statement but I 
suppose that cytokinesis occurs through furrowing. 

Tapetum. 

The tapetum shows a vigorous activity and its cells become multi- 
nucleate through mitotic divisions. The tapetal nuclei divide much earlier 
than the nuclei of the microspore mother cells; for when the latter are 
in synizesis the tapetal cells have already become two-nucleate, and by the 
time the metaphase of the first reduction division is over, they often become 
four- to eight-nucleate (Fig. 1). 

Cooper (1933) has recently investigated tapetum formation in several 
representatives of the monocotyledons and dicotyledons, and he believes 
that the multi-nucleate condition is mostly due to typical mitosis of the 
tapetal nuclei; amitosis does not occur and that figures suggesting amitosis 
are due to certain irregularities and nuclear fusions. Similar statements 
have been recorded for Galtonia candicans (Smith, 1933). My observations 
on Berberis nepalensis lead me to the same conclusion. 

As soon as two nuclei have been produced in a tapetal cell, they may 
either fuse or remain free and undergo one or two further nuclear divisions 
so that four to eight nuclei are produced (Fig. 6). Thecells now become 
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vacuolated and the nuclei become grouped close to one another (Figs. 4-6). 
Occasionally one or two large central vacuoles appear and the nuclear groups 
are arranged on their periphery (Fig. 5). The nuclear fusions are irregular, 
but the nucleoli retain their individuality and their number often gives a 
valuable indication of the original number of nuclei that may have taken 
part in fusion. At times, two nuclei may be seen lying in a very close con- 
tact, the sides of contact becoming flattened. This may either be due to 
incomplete separation of the daughter nuclei after division or due to incom- 
plete fusion. After a thorough examination of this stage, I am convinced 
that amitosis does not occur. 


During the reduction divisions the tapetal cells enlarge considerably. 
The separating walls between the cells stain very lightly and finally become 
indistinguishable, while the cytoplasm protrudes towards the developing 
mother cells.. A true periplasmodium is never formed but the beginning 
of a tendency towards the fusion of tapetal protoplasts is present. 


Male Gametophyte. 

The young microspores (Figs. 7, 8) when just formed are about 11 to 
14 microns in diameter, but the growth in size is enormous, and at maturity 
they measure approximately 39 to 47 microns in diameter (Fig. 11). The 
microspore nucleus divides to produce a smaller generative and a larger 
vegetative cell (Fig. 10). The two nuclei are separated by an ephemeral 
cell-plate, which soon disappears, but the generative nucleus still remains 
surrounded by a distinct zone of more densely staining cytoplasm (Fig. 11). 
The cytoplasm of the pollen grain is full of small vacuoles forming a mesh-like 
structure. Fig. 9 shows an exceptional condition where the microspore 
nucleus has divided very early. There are four germ pores. 


When the pollen is 2-nucleate, the tapetal protoplasts fuse irregularly 
and quickly disappear. The endothecium becomes very conspicuous at this 
stage due to its fibrous thickenings. 


Megas porogenesis. 


Ovule.—There are three to five ovules situated on the ventral suture 
of the ovary. They are straight when young, but with further growth be- 
come completely anatropous. There is a massive nucellus with two integu- 
ments (Figs. ‘A’ and ‘B’), of which the inner usually consists of three cell 
layers and the outer, which is also the larger, of approximately eight layers. 


Archesporium.—Normally a group of sporogenous cells is seen in the 
young nucellus (Fig. 14) but only one of them functions as the megaspore 
mother cell. Fig. 12 shows a megaspore mother cell with the primary 
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6a? ‘RB’ 
Fies. A & B. 

A—LS. part of an ovary showing an ovule at functioning megaspore stage. | 

B—The same, with an older ovule at the mature embryo sac stage. 
parietal cell divided periclinally. In the adjacent section one more sporo- 
genous cell was present in the same ovule, so that in all, there were two 
such cells lying one upon the other. Fig. 13 isdrawn from an older ovule 
in which the integuments have begun to appear at the base of the nucellus 
but the primary parietal cell has not yet divided. 

It often happens that the megaspore mother cell is mounted on the 
top of an axial row of cells which simulate the former in appearance and 
staining reactions (Figs. 15, 16). Sometimes (specially if their number is 
three) this may give an impression of the presence of four megaspores 
arranged in a row. Such is, however, not the case, for the cell at the top of 
the row soon shows meiotic changes and is really a megaspore mother cell. 
Fig. 17 shows an exceptional case, where the archesporial cell is functioning 
directly as the megaspore mother cell without cutting off any wall cell. 

Besides the formation of wall layers from the primary parietal cell, the 
nucellar epidermis also divides, so that a massive nucellus is produced and 
the mature embryo sac may be covered with as many as six to eight layers 
of cells. I must call attention here to the fact that in some genera of the 
family Berberidace@ a primary parietal cell is not cut off at all and here all 
the wall layers must owe their origin to the division of the nucellar epidermis, 
e.g., Jeffersonia diphylla (Andrews,! 1895), and Podophyllum peltatum 
(Lublinerowna,! 1925). On the contrary a parietal cell is reported to occur 
regularly in some species of Mahonia (Vesque,! 1879; Jénsson,! 1879; 
Guignard,! 1882). Berberis nepalensis is specially interesting from this 
point of view, for here not only do both the primary parietal cell and the 


1 See Dahlgren, 1927, p. 372. 
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nucellar epidermis undergo periclinal divisions, but in certain cases the 
former is absent (Fig. 17) and then the condition resembles that found in 
Jeffersonia and Podophyllum. 


Megaspore formation—The megaspore mother cell undergoes the two 
usual reduction divisions and a linear tetrad of megaspores is formed (Figs. 
18-20). In Fig. 18, there are eight other conspicuous cells besides the two 
dyads (in telophase), and these seem to have resulted from divisions of the 
axial row of potentially sporogenous cells, such as is seen in Figs. 15 and 16. 
Fig. 19 shows a tetrad of megaspores of which the upper three have degene- 
rated: the three cells below the tetrad are a part of the axial row mentioned 
before, and besides these, there is seen another row of four cells on the left. 
It is difficult to say if it is a true linear tetrad of megaspores or the result 
of transverse divisions of an apparently sporogenous cell which has, however, 
not passed through the reduction divisions. The latter supposition seems 
to be more probable. 


Embryo Sac. 


The chalazal megaspore functions (Fig. 20) and its nucleus undergoes 
three divisions giving rise to an eight-nucleate embryo sac of the usual type 
(Figs. 21-24). This has a normal egg apparatus, two polar nuclei and three 
antipodal cells. The synergids are very short lived and degenerate quite 
early. The polar nuclei meet in the centre of the embryo sac but their 
fusion was not observed.2 The antipodal cells are the most conspicuous 
structures within the embryo sac. Their cytoplasm is vacuolate and they 
are broad at the upper end but pointed below (Fig. 24). Similar antipodal 
cells have been reported in Podophyllum peltatum (Clark, 1923), and P. emodt 
(Arzt, 1933). Their nuclei are reported to become specially large and hyper- 
trophied in Podophyllum, Mahonia and Jeffersonia (Schnarf, 1931). 


Discussion. 


The family Berberidacee shows a close relationship with the Ranun- 
culace@. Following Engler and Prantl (1891) most authors have included 
it in the order Ranales. Hutchinson (1926, p. 11), however, does not agree 
with this classification and puts it in a separate order Berberidales including 
the families Berberidacee, Circeasteracea, Lardizabalacee, Sargentadoxacee 
and Menispermacea. This separation seems to have been prompted by 
certain differences in arrangement and number of floral organs in the two 
families. In the following pages I shall endeavour to bring together the 


2 As mentioned before, open flowers were not available for study. 
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points of comparison and contrast between the Ranunculacee and Berberi- 
dacee. 


Stem anatomy.—The structure of the stem in some members of both 
the Ranunculaceea and Berberidacee shows the presence of monocotyledonous 
features. Thus, scattered bundles are found in Actea, Thalictrum and 
Anemone in the Ranunculacee; and in Podophyllum, Diphylleia, Jeffersonia 
and Leontice in the Berberidacee (Solereder, 1908; pp. 14-20 and 44-46), 
To this list may also be added the name of Hydrastis canadensis (Worsdell, 
1908). 

Floral organs.—The flowers are hypogynous in both the families, but 
with spiral arrangement of parts in the Ranunculace@ and cyclic in the 
Berberidacee. In the former the perianth consists of numerous petaloid 
leaves while in the latter it is 2- or 3-merous and generally distinguishable 
into a calyx and corolla. There are numerous free stamens and carpels 
in the Ranunculacee but this number is limited to 4-9 free stamens and 
usually a solitary carpel in Berberidacee. The genus Hydrastis usually 
placed in the Berberidace@ is of special interest. In habit and in having a 
trimerous perianth, it resembles Podophyllum, while the numerous free 
stamens and carpels show a close resemblance to the Ranunculaceae, and 
for this reason it has actually been included by some authors in the latter 
family in the tribe Peoniee (Rendle, 1925; p. 150). 

The anther.—Inspite of the differences in floral structure, sporogenesis 
and gametogenesis are markedly similar in members of the two families. 
Coulter supposed that the anther tapetum originated from the sterilisation 
of the peripherally sporogenous cells in various species of Ranunculus, but 
the more recent work of Singh* on R. scleratus indicates that it arises as usual 
from divisions of the primary parietal layer. In Berheris nepalensis also, 
the tapetum originates from the innermost wall layer, but as mentioned 
earlier there is present here a slight tendency towards the formation of a 
periplasmodium. 

Male gametophyte.—The divisions of the pollen mother cells are simul- 
taneous and the mature pollen grains are two-nucleate except in Myosurus 
(Swingle,* 1908), where they are stated to be three-nucleate. 


The ovule-—There is a massive nucellus in both the families. Usually 
a group of primary archesporial cells originates in a young nucellus but only 


3 B. Singh, “Morphology of Ranunculus scleratus’” (unpublished). I am grateful to 
Mr. Singh for having permitted me to refer to his unpublished work which is being carried on 
in the same laboratory. 


* See Schnarf, 1931. 
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one of them becomes the megaspore mother cell. Wall cells may or may 
not be present. They are found in Helleborus, Peonia, Thalictrum (Ranuncu- 
lacee@®), and in Mahonia® and Berberis (Berberidacea). On the other hand 
their absence has been reported in Ranunculus, Betrachium, Ficaria, Myosurus, 
Adonis, Anemone, Clematis, Ceratocephalus, Caltha, Delphinium and Aconitum 
(Ranunculacee®), and in Jeffersonia diphylla and Podophyllum peltatum 
(Berberidacee®). In the latter case the growth of the nucellus is evidently 
due to cell divisions in the nucellar epidermis. As mentioned before, Berberis 
nepalensis shows an intermediate condition, for in this plant a primary 
parietal cell may or may not be cut off. 


Female gametophyte—In both families the chalazal megaspore of the 
tetrad functions and produces a typical eight-nucleate embryo sac. The 
antipodals are large and persistent, and their number shows occasional 
variations—in Trautvetteria palmata* (Ranunculacee) as many as 11 anti- 
podal cells are reported. 


Endosperm and embryo.—The endosperm is of the nuclear type. The 
embryo in Myosurus minimus and Ranunculus scleratus (Ranunculacea@) is 
entirely similar to the embryo of Capsella-bursa-pastoris.4 In other members 
of the same family a very irregular course of development appears in early, 
as well as, in later stages of the embryo. In Podophyllum peltatum (Clark, 
1923), P. emodi and Eranthis hiemalis (Arzt, 1933) the embryonal’ develop- 
ment is very irregular in early stages and shows marked peculiarities com- 
parable to the development of the embryo in monocotyledons. The cotyledons 
become united at the base forming a tubular structure with the plumule 
at the bottom which emerges laterally during germination from the fused 
cotyledonary column. Such cotyledonary tubes have also been seen in 
Anemone, Ranunculus, Trollius, Delphinium and Aconitum (Ranunculaceae), 
and in Leontice (Berberidacea).® 


Seedling anatomy.—The investigations on seedling anatomy of numerous 
monocotyledons and dicotyledons, and specially of Ranunculacee and Ber- 
beridacee by Sargant (1903) and Thomas (1914), are of special significance. 
It is generally believed that the tetrarch condition of the root of a seedling 
is more primitive than the diarch, for the former is associated with the 
arboreal and the latter with the herbaceous angiosperms. Miss Sargant 
is of opinion that the varieties of seedling anatomy found in monocotyledons 
are derived from a tetrarch condition and may be seen in the Ranunculaceae. 
The genus Berberis (Thomas, 1914; p. 708) is of great interest in as much as 


5 See Dahlgren, 1927. 
® See Sargant, 1903. 
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both the diarch and tetrarch conditions are to be found within the same 
genus and even within the same species as in B. macrophylla. 

Clark (1923) has studied the root-stem transition region of Podophyllum 
and more recently Kumazawa (1930, a and b) has worked on several repre- 
sentatives of both the Ranunculacee and Berberidace@. It is concluded 
that Hydrastis, Podophyllum, Diphylleia and Glaucidium may be excluded 
from both Ranunculacee and Berberidacee and set apart in a separate family, 
the Podophyllacee. 

Chromosome number.—lLanglet (1928, 1932) has investigated the size, 
shape and number of chromosomes in some representatives of both the 
families. He emphasises the similarities between Paonia and Nandina 
and suggests that the former genus should be transferred to the Berberidacea. 

From the above facts it seems to be quite clear that the families 
Ranunculaceae and Berberidace@ are very closely allied and it is not at all 
necessary to place them in separate orders. What is more important, how- 
ever, is that a few members of both families seem to be of an interchangeable 
nature, and as suggested by Kumazawa (1930), they should be taken out 
and rearranged in a separate family of an intermediate position. 


Summary. 

1. The early development of the anther is of the usual type. The 
parietal tissue is composed of an endothecium, two to three middle layers 
and the tapetum. The tapetal nuclei divide mitotically and as many as 
eight nuclei are produced in each cell, even before the mother cells have 
gone through the reduction divisions. 


2. The four microspores may be arranged either tetrahedrally or 
isobilaterally. The mature pollen grain is two-nucleate. 

3. There is usually a group of sporogenous cells in the young ovule, 
but only one functions and becomes the megaspore mother cell. A primary 
wall cell is usually cut off, but the nucellar epidermis also divides and takes 
part in the formation of a massive nucellus. 

4. There is a linear tetrad of four megaspores, of which the chalazal 
functions and undergoes the three successive divisions to produce a normal 
eight-nucleate embryo sac. The synergids are ephemeral, while the anti- 
podal cells are very conspicuous and persistent. 

5. It is concluded that the Berberidacee shows a close relationship 
with the Ranunculacee and both should be included in the same order. 


My sincere thanks are due to Dr. P. Maheshwari under whose guidance 
this work was carried out. I am also grateful to Principal F. J. Fielden 
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EXPLANATION OF PLATE FIGURES. 
1—T.S. part of an anther lobe showing many-nucleate tapetum and microspore 
mother-cells undergoing the first reduction division. }< 500. 
2, 3—Tetrahedral and isobilateral tetrads of microspores. >< 1000. 
4-6.—Multi-nucleate tapetal cells. >< 1000. 
7, 8—Young microspores. >< 1000. 
9-11.—Pollen grains with tube and generative cells. >< 1000. 
12.—Nucellus with megaspore mother cell and two wall cells. >< 500. 
13.—Same in synizesis, with only one wall cell. >< 500. 


14.—A group of archesporial cells, each of the two uppermost has cut off a parietal cell, 
which has divided once again by a periclinal wall. S< 500. 


15, 16—A row of four sporogenous cells, of which the uppermost has become the 
megaspore mother cell. >< 500. 


17.—Primary archesporial cell functioning directly as megaspore mother-cell without 
cutting off a wall-cell. >< 500. 


18.—Division of the dyad cells. A part of the spindle in the upper dyad was seen 
in the next section. 500. 


19.—A linear tetrad of megaspores with some other sporogenous cells in the same 
nucellus. >< 500. 


20.—Functioning megaspore enlarging. >< 500. 
21, 22.—Two-nucleate embryo-sacs. 500. 
23.—Four-nucleate embryo-sac. 500. 


24.—Mature embryo-sac with degenerated synergids; the third antipodal cell is not 
seen in this section. >< 500. 
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THE GASTRIC ARMATURE IN STOMATOPODA WITH A 
DISCUSSION AS TO ITS EVOLUTION IN DECAPODA. 


By A. RAMAKRISHNA REDDY, B.Sc. (Hons.), 


Annamalai University, Annamalainagar. 


Received February 26, 1935. 


(Communicated by Dr. S. G. Manavala Ramanujam, M.A., Ph.D., D.1.c.) 


Introduction. 
WHILE I was engaged in working out the structure and mechanism of the 
gastric armatures of some South Indian Decapods,")!2 I was struck 
with the graded series of complexities they presented. It suggested itself 
to me whether it is not possible to derive the most complicated of these 
structures from the simple gastric armatures of the lower orders of Crustacea. 
The present paper deals with an account of the structure and the modus 
operandi of the gastric armature of Sgilla nepa, I,atreille, in the light of the 
development of its oral and thoracic appendages, namely, the masticatory 
mandibles and the prehensile maxillepedes which are concerned in the capture 
and the preliminary reduction of food. The formation of the gastric arma- 
ture in the different larval and the early adult stages is also described. The 


nature and the various factors concerned in the evolution of the gastric 
armature in Decapoda are discussed. 


The Oral Opening and Its Appendages. 

The oral aperture opens directly into the cardiac chamber at about two- 
thirds of its length ventrally from the anterior end. It is bounded by the 
well-developed anterior and posterior lips. ‘The floor of each lip is supported 
by a thin plate-like ossicle. The anterior or the pre-oral lip is broader and 
more spacious than the post-oral and overhangs the latter. The free end 
of the smaller post-oral lip is triangular whereas the pre-oral lip is crescentic. 

Lying in between the two lips are the well-developed mandibles which are 
the chief masticatory structures of the animal. Each mandible bears a 
slender palp consisting of three segments. The oral edge of each mandible 
is crescentic and is strongly serrate. The two cornua of the oral edge corres- 
pond to the molar and the incisor processes of other Malacostraca. The 
anterior cornua of each mandible projects upwards into the oral opening 


and is completely hidden by the floor of the pre-oral division of the cardiac 
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Fic. 1. The mandible of Squilla nepa. 


chamber. The posterior cornua of the two mandibles are situated on either 
side of the crescentic oral aperture. The serrations on the posterior cornua 
are pointed and sharp whereas those on the anterior are blunt and more 
robust. The former seem to be intended for tearing purposes while the latter 
are for grinding. 

The first pair of maxillz! consist of two endites and a very small vestigial 
palp. The distal endite terminates in a well-developed pointed spine. 


Fig. 2. The first maxilla of Squilla nepa. 
The second pair of maxille which are constituted quite differently from the 
corresponding appendages of other Malacostraca are peculiar in shape with 


1 The maxillule of Calman, 1909. 
B6 
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a lobed inner and outer border as in the larval Penwidea. They appear to 
take no part in the process of either food capture or its reduction. It is 
divided into four segments with a somewhat indistinctly separated first and 
second segments. The entire structure is profusely beset with sete and 
appears to be concerned in acting as a filter over the oral aperture. 


The first five pairs of thoracic legs which are commonly known as maxilli- 
pedes? are all similar in structure. Each maxillipede is composed of six 
segments and is armed with a prehensile claw, so constituted that the pointed 
terminal joint folds like the blade of a penknife, on the preceding joint. All 
the maxillipedes are so disposed that their joints are directed forwards to 
surround the mouth. The arrangement resembles that of Amphipoda. The 


Fic. 3. Second maxillipede of Squilla nepa. 
first pair are long and slender. The second pair are very massive forming the 
chief weapons of the animal. The third, fourth and the fifth pairs resemble 
each other and are less powerful. Each maxillipede on the outer side of its 


2 Lang (1891) describes the maxillipedes as the oral feet on account of their position 
around the mouth. 
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basal joint bears an epipodite, which is in the form of a stalked and discoidal 
lamella. 


The Structure of the Cardiac Chamber. 


The cardiac chamber is very large and spacious extending in front of 
the mouth as far as the base of the rostrum. The oral aperture is so situated 
that it divides the cardiac chamber into an anterior pre-oral division and a 
posterior post-oral division. The pre-oral division is much elongated, narrow- 
ing considerably as it proceeds towards the rostrum. It shows a lateral 
compression whereas the post-oral division which is compact shows a dorso- 
ventral compression. The floor of the former is produced posteriorly into 


Fic. 4. The dorsal view of the stomach Fie. 5. The ventral view of the stomach 
of Squilla nepa. of Squilla nepa. 

the anterior lip while the floor of the latter is produced anteriorly into the 

triangular posterior lip. Along the dorso-median line in the roof of both the 

divisions, is a prominent ridge. But for this ridge the roof is completely 
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membranous. The lateral walls of the pre-oral division are also membranous, 
But there are certain sclerites in the lateral walls of the post-oral division. 


apeog 
“wo OT 


- >P. Ch. 


Fia. 6. The side view of the stomach 


of Squilla nepa. 


Fie. 9. A magnified view of the nature 
of distribution of the pigment on 


the roof of the stomach. 
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Fie. 7. The transverse section 
passing through the pre-oral 
cardiac stomach. 


Fia. 8. The transverse section 
passing through the post-oral 
cardiac stomach. 

The dorsal wall of the entire cardiac 
chamber is characterised by the dis- 
tribution of a black pigment. The 
pigment is located at definite centres 
from which it radiates in an irregular 
manner, thus presenting a reticulate 
appearance. The pigmentation is 
quite dense towards the dorso- 
median line getting thinner and thin- 
ner towards the sides. 


The Ossicles of the Cardiac Chamber. 
In the lateral walls of the post-oral division of the cardiac chamber are 


two pairs of sickle-shaped ossicles. 


The upper pair is situated just above the 
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lower pair and the outer borders of the ossicles of each are fused together, 
The two ossicles appear as a single ossicle which is folded longitudinally. 
This fusion is only a subsequent development. In the early stages as we shall 
see later on, the ossicles are distinctly separate. The anterior ends of these 
two pairs of ossicles are articulated with the posterior border of the post-oral 
ossicle supporting the posterior lip. The inner border of the upper pair of 
sclerites is lined with stiff and short setee which project into the cavity of the 
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-\- +R.S. P. 
Fia. 10. The ossicles in situ viewed Fic. 11. The ossicles in situ viewed 
from the dorsal side. from the ventral side. 


post-oral cardiac chamber. In between the lower pair of sclerites is a median 
unpaired plate which forms the floor of the post-oral cardiac chamber. This 
median plate has been described by Calman (1909) as supporting the floor of 
the pyloric chamber in Squilla mantis, But this, however, does not seem 
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to be the case in the present form. It is only the posterior extremity of the 
median plate that projects into the pyloric chamber and gives articulation 
to a dumb-bell-shaped sclerite in the floor of the pyloric chamber. 

This median unpaired plate is rhomboidal in shape and fits in exactly, 
between the lower ossicles. It is more thickened and calcified towards the 
borders than at the centre. The setz projecting from the border of the upper 
pair of sclerites brush against this raised and calcified borders of the median 
plate. The posterior ends of the upper scierites slightly turn up and are 
produced into the pyloric chamber as two narrow processes which are not 
provided with sete. The posterior ends of the lower pair and the posterior 
end of the median plate project slightly into the anterior region of the pyloric 
chamber and are fused with the dumb-bell-shaped sclerite. There is no 
other region in the cardiac chamber in which the sete are present. 


The Structure of the Pyloric Chamber. 


Posteriorly the post-oral division of the cardiac chamber is very much 
constricted and is continued into the narrow pyloric chamber. The pyloric 
chamber slightly widens at about two-thirds of its length from the anterior 
end. It is immediately narrowed and continued into the narrow intestine. 
The greatest diameter of the pyloric lumen in an adult animal is about 0-5 mm., 
while those of the anterior and posterior divisions of the cardiac chamber 
are 4mm. and 0-5 mm. respectively. The length of the pyloric chamber is 
3mm., whereas, that of the entire cardiac chamber is about 9 to 10 mm. 
The pyloric chamber is laterally compressed and the floor of the chamber 


Fia. 13. A magnified view of a 
Fic. 12. The transverse section passing portion of the straining 


through the pyloric chamber. pads. 


is broad whereas the roof is reduced to a keel-shaped ridge as a result 
of the lateral compression. The chamber appears like a narrow tunnel with 
a triangular cross-section. The anterior two-thirds of the pyloric lumen is 
obliterated by the development of the chitinous pads bearing the straining 
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mechanism, The posterior one-third is quite spacious and into this region 
the duct of the digestive gland opens dorsally. 


The Ossicles of the Pyloric Chamber. 

The main ossicles of the pyloric chamber consist of three chitinous pad- 
like sclerites which are so constituted as to form an efficient straining 
apparatus. 

The ventral ossicle—This is a fan-shaped, plate-like ossicle which is 
narrow anteriorly and considerably broad towards the posterior end. This 


' 
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Fig. 14. The ossicles separated. Fia. 15. Dorsal view of the 


musculature. 


is folded along the ventro-median line so that the median portion of the plate 
is raised into a keel-shaped ridge projecting upwards into the pyloric lumen, 
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dividing it into a right and a left half. Had it not been for this median fold- 
ing the accommodation of this broad plate in the narrow pyloric lumen would 
not have been possible. The structure of the plate is very complicated. The 
entire plate is thickened at definite intervals into a number of longitudinal 
ridges which vary from 70 to 75 in adult animals. Each ridge is profusely 
fringed with minute iridescent sete. Thus the entire plate is beset with 
longitudinal rows of sete and the area through which the process of straining 
is carried on is increased by the system of ridges and the median folding of 
the ventral plate. The anterior end of the plate is attached to the ventral 
dumb-bell-shaped ossicle while the posterior end projects freely into the 
pyloric lumen. 


The right and the left ossicles.—These are similar in their structure to the 
ventral ossicle ; but they are comparatively narrow being about a third of 
the width of the ventral ossicle. They are arranged on either side of the 
median folding of the ventral plate and are closely approximated so that 
the sete borne by the median folding and by the left and right ossicles 
are in close opposition. Thus no material except in a very fine state of 
division can pass through the pyloric chamber. 


On each plate there are about 23 to 25 setose ridges. The anterior and 
dorsal borders of the two ossicles are attached to the posterior prolongations 
of the upper pair of sclerites in the post-oral cardiac division. These chitinous 
prolongations run along the dorso-median line of the pyloric chamber and the 
left and right chitinous setose pads supported by them hang down on either 
side of the median folding of the ventral ossicle. The length of the pads 
is equal to that of the ventral pad and their posterior ends also project freely 
into the pyloric lumen. 


The Musculature of the Gastric Armature. 


The musculature can be divided into the extrinsic and the intrinsic system 
of muscles. 


The extrinsic system of musculature.—This consists of three sets of muscles: 


1. The dorsal muscles .—The dorsal musculature is not elaborately 
developed correlated with the absence of the dorsal series of sclerites charac- 
teristic of Decapoda. There is a single band of muscle extending between 
the base of the rostrum and the dorso-median ossicles supporting the right 
and the left straining pads in the pyloric chamber. ‘There are two bands of 
muscles proceeding posteriorly from these ossicles towards the posterior border 
of the carapace. These two sets of muscles have a slight resemblance to the 
anterior and the posterior gastric muscles of Decapoda, 
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2. The ventral musculature.—This can be divided into (a) a ventral pre- 
oral musculature and (b) a ventral post-oral musculature. 


(a) The pre-oral musculature——There is a ventral transverse band of 
muscles on the posterior border of the pre-oral ossicle which extends on either 
side towards the sides of the carapace. Superimposed on this are three bands of 
muscles. One of these is median, running anteriorly along the ventro-median 
line to the base of the rostrum while the other two are obliquely placed on 
either side of the median band. Anteriorly these two bands unite with the 
median band. All the bands are concerned with the closing and opening 
of the pre-oral lip. 


(b) The post-oral musculature—Three bands of muscles extend from 
the anterior border of the post-oral lip to the fused sternal plate of the first 
and second thoracic segments. These bands diverge considerably towards 
their origin. These are concerned with the closing and the opening of the 
lip. 

There are a number of muscles extending from the dumb-bell-shaped 
ossicle to the fused sternal plate. These are used for drawing the ventral 
straining pad backwards. Their contraction drags backwards the median 
plate in the floor of the cardiac chamber, as it is fused with the dumb-bell- 
shaped ossicle. 


3. The lateral musculature-—The muscles on the lateral walls are very 
well developed correlated with the development of the lateral ossicles in 
the cardiac chamber. On each side there are a number of muscles extending 
between the pre-oral ossicles and the floor of the pre-oral cardiac division, 
to the carapace. Their contraction raises the floor of the chamber. In 
the post-oral division there is a band of muscles inserted on the lower and upper 
pairs of sclerites, which proceeds towards the carapace. These resemble the 
lateral cardiac muscles of Decapoda. Their contraction brings about the 
elevation of the lateral ossicles and along with them of the median plate 
which is wedged, in between the lower pair of sclerites, Proceeding anteriorly 
from the two lateral ossicles of each side are two bands of muscles. The 
lower of these bands extends to the base of the rostrum while the upper 
proceeds towards the carapace. Corresponding to these two bands, posteriorly 
are another pair, the lower of which extends to the sternum while the upper 
one proceeds towards the posterior region of the carapace. These bands of 
muscles serve to give a to-and-fro movement to the lateral ossicles. 


The intrinsic system of musculature—There are four sets of intrinsic 
muscles 
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1. There is a band of muscle extending between the pre-oral and the 


post-oral ossicles. Their contraction results in the approximation of the 
two lips. 


Fia. 16. Ventral view of the Fic. 17. Side view of the 


musculature. musculature. 


2. There are a number of small muscles extending between the posterior 


border of the post-oral ossicle and the anterior end of the un-paired median 
plate. 


3. Extending between the lower and the upper lateral ossicles of each 
side are a number of muscles. Their contraction results in reducing the 
space between the two ossicles and in bringing the inner setose border of the 
upper ossicle in close contact with the median plate. 


4. In the roof of the pyloric chamber there are a number of muscle fibres 
between the dorso-median ossicles supporting the right and left straining pads. 
Their contraction brings about the approximation of the two straining pads, 
thus pressing them against the median folding of the ventral plate. 
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Mechanism of the Gastric Armature. 


The working of the gastric armature is very simple. It seems to be 
more intended for the process of straining rather than of mastication. Much 
of the mastication is carried on by the molar processes of the mandibles, 
which project upwards into the pre-oral cardiac chamber. By the operation 
of the ossicles in the cardiac chamber final finishing touches are given to the 
already reduced food material before it enters the pyloric chamber. The 
food that is hurriedly swallowed by these timid creatures is partially masti- 
cated by the incisor processes of the mandibles. It is then shoved into the 
pre-oral cardiac division where by the grinding action of the molar processes 
of the mandibles the major part of the mastication is accomplished. All 
the hard structures that defy the masticatory action of the molar processes 
are ejected out by the mouth itself and the reduced matter enters the post- 
oral cardiac division where further mastication takes place. The median plate 
is raised by means of the contraction of the lateral muscles. Then the raised 
calcified borders of the plate are brought in contact with the setose inner 
borders of the upper lateral sclerites. On account of the contraction of 
the lateral muscles the floor is raised and the free cavity is very much reduced. 
Now by the alternate contraction of the anterior and posterior lateral muscles 
inserted on the lateral ossicles, the setose borders of the sclerites are rubbed 
against the median plate. Thus the already reduced food material is further 
reduced to a very fine state of division. Only material in such a fine state 
can pass through the straining apparatus in the pyloric chamber. All such 
material that does not come up to the required standard of reduction remains 
in the cardiac chamber till it is reduced to the required standard. When 
the food in a fine state of division enters the pyloric chamber the intrinsic 
muscles between the dorso-median ossicles supporting the left and right 
straining pads contract thereby pressing the pads against the median folding 
of the ventral pad. Thus practically all the free space in the pyloric lumen is 
obliterated. The food in solution has to pass only along the longitudinal 
ridges fringed with minute sete. By the contraction of the muscles inserted 
on the ossicles supporting the straining pads, the pads are rubbed against 
each other and thus any stray particle of food which is likely to damage the 
delicate walls of the intestine is further reduced. The nourishment that enters 
the posterior, somewhat spacious pyloric chamber will be devoid of all traces of 
solid particles. The secretions of the digestive gland are poured into this 
region and the finely divided food gets mixed up with the digestive juices. 
Then it is passed on into the narrow intestine, whose activity and mechanism 
we are not concerned with in the present paper. 
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The Development of the Gastric Armature. 

Alima larve at different stages of growth ranging from 0-5” to 2-75” 
were collected and the state of formation of the gastric armature at each 
stage was studied, In the very early stages, the walls of the stomach are 
entirely membranous. The anterior pre-oral stomach is considerably elon- 
gated. In the adult with the disappearance of the great carapace the length 
of the pre-oral stomach is also reduced. The dorsal wall of the stomach is 
quite transparent without any trace of the reticulate black pigmentation which 
is so characteristic of the adult. The division of the stomach into the pyloric 
and the cardiac chambers is quite indistinct. In the fairly advanced stages 
of larval development a prominent median ridge appears along the dorso- 
median line of the roof of the stomach. The ventral wall of the post-oral 
stomach is thickened to form a thin plate which corresponds to the median 
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Fig. 18. The transverse section of the Fie. 19. The transverse section of 
pre-oral stomach of the larva. the post-oral stomach of the larva. 


plate of the adult. The ventro-lateral wall of each side is also thickened to 
form a thin plate. The lateral plates of the larve do not show any trace of 
paired origin which the lateral ossicles of the adult exhibit. In the larval 
stomach neither setze nor masticatory devices of any description occur. The 
mandibles which are very slender and serrate are however present from the 
very early stages. The absolutely non-masticatory and non-straining nature 
of the larval stomach can be explained by the nature of the food, the habits 
and habitats of the larve. The larve are entirely pelagic living upon 
diatoms and other small larve which swarm about in the plankton. The 
larval diet needs no mastication. 

After the metamorphosis of the larvee, the food, the habits and habitats 
of the young adults change. They become littoral and burrowing in their 
habit. This change is followed by 
the appearance of the elements of 
the gastric armature which effect 
mastication and straining. In the 
young adults the ossicles are poorly 
chitinised. The median ridge is com- 
paratively less prominent than in the 
case of the larve. The lateral ossicles are paired and quite separate 


Fia. 20. The transverse section of the 
post-oral stomach of the young adult. 
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without any fusion. The lower pair of ossicles correspond to the ventro- 
lateral plates of the larva, whereas the upper pair which are masticatory 
are new structures in the young adult. The pyloric chamber is distinctly 
marked off and the straining pads appear within its walls. To begin 
with the number of longitudinal ridges are few. As growth proceeds 
they increase in number and in length. The lateral and median ossicles get 
more and more chitinised. The lateral ossicles of each side expand and 
fuse together. The pigmentation on the roof of the stomach becomes more 
dense and spreads gradually. 


Discussion. 


An examination of the gastric armatures of the members of Macrura, 
Anomura and Brachyura, reveals that the most complicated and highly 
developed types present in Cyclometopa and Cataometopa, are evolved from 
the simple types characteristic of Macrura Natantia. There are three distinctly 
different types of gastric armatures present in Natantia. The first type is 
represented by the two tribes Penzidea and Stenopidea, where a dorsal and 
a pair of lateral series of sclerites bearing the dorsal and the lateral sets of 
teeth are developed. The second type is present in Palemonidz and in the 
majority of the families of Caridea. In this case both the dorsal and the 
lateral series of sclerites and the dorsal and lateral teeth associated with 
them have disappeared. In the case of the third type present in Atyide 
and a few other families of Caridea, a dorsal series of sclerites alone is 
developed ; but the arrangement of the sclerites is quite different from those 
of Penzeidea, Stenopidea, Macrura Reptantia and the higher groups of Deca- 
poda (Calman, 1909). However widely divergent these three types of gastric 
armatures might be, they can all be derived from the Stomatopodan type. 
The divergence should have taken place only after the evolution of a common 
basic type from the Stomatopodan gastric armature. This common basic 
type is represented by the gastric armature of Cerataspis monstrosus described 
by Bonier (1909). 


The longitudinal lateral rows of denticles present in the cardiac chamber 
of Cerataspis monstrosus can be derived by the modification of the upper pair 
of lateral setose sclerites present in the posterior walls of the elongated cardiac 
chamber of Stomatopoda. The longitudinal lateral ridges below the lateral 
rows of denticles in Cerataspis correspond to the lower pair of lateral sclerites 
in Stomatopoda. The dorso-median ridge in the roof of the cardiac chamber 
of Stomatopoda is homologous with the dorsal median tooth which is developed 
as a dorso-median cuticularisation of the roof of the cardiac chamber in 
Cerataspis. This median tooth of Cerataspis is recurved, projecting directly 
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from the roof of the cardiac chamber and is neither borne on any specialised 
structure nor operated by any complicated system of levers as in the case of 
higher types. In the case of the gastric armature of Stomatopoda, mastication 
is carried on by the unpaired ventro-median sclerite projecting from the 


Fig, 21. The dissection of the stomach of Cerataspis monstrosus (Semi-diagrammatic), 
(After Bennier from ‘ A Treatise on Zoology’ edited by R. Lankaster.) 


floor of the pyloric chamber, working against the upper pair of lateral sclerites 
in the cardiac chamber. In Cerataspis, the function of the ventro-median 
sclerite is carried on by the dorso-median tooth. The ventro-median un- 
paired wedge-shaped ridge projecting into the pyloric chamber from the floor 
of the cardiac chamber in Cerataspis corresponds to the ventro-median un- 
paired keel-shaped sclerite of Stomatopoda. The wedge-shaped structure of 
Cerataspis is found in Penzidea, Macrura Natantia, Macrura Reptantia, 
Anomura and Brachyura, in some form or other, as the cardio pyloric wall. 
The profusely setose chitinous pads acting as strainers and filters in the pyloric 
chamber of Stomatopoda are homologous with the terminal setose ridge with 
the straining apparatus in Cerataspis. This straining apparatus is constant 
throughout the higher groups and is homologous with the pyloric ampulle 
of the higher groups. In Stomatopoda the structures homologous with the 
terminal tongue-like lappets of Cerataspis are not represented. These terminal 
lappets or valves are present throughout the higher groups of Decapoda. Thus 
the most important elements in the constitution of the gastric armature of 
the higher groups of Decapoda, namely the median tooth, the lateral teeth, the 
cardio-pyloric valve, the pyloric straining apparatus and the terminal pyloric 
valves are evolved in Cerataspis monstrosus in a very primitive condition. 


From the Cerataspis monstrosus type of gastric armature all the three 
types characteristic of Macrura Natantia can be said to have evolved indepen- 
dently. In Atyide and a few other families of Caridea (Calman, 1909) a 
dorsal series of sclerites is developed in connection with the median tooth. 
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The arrangement of the sclerites is quite different from those found in 
Penzidea, Stenopidea and the higher groups of Decapoda. In Palemonide 
(Patwardhan, 1934) and the rest of the families of Caridea (Calman, 1909) 
no dorsal series of sclerites is developed. Even the median tooth and the 
lateral rows of denticles present in Cerataspis have disappeared; and the 
roof of the cardiac chamber is quite membranous as in the case of Stomato- 
poda. 

The third type characteristic of the two tribes Penzidea and Stenopidea 
is easily derived by a comparison of the gastric armature of Cerataspis with 
that of Peneus indicus, M. Edwards (Reddy, 1934). The supra-lateral cardiac 
teeth, the lateral teeth and the infra-lateral cardiac teeth of Peneus indicus 
are homologous with the two longitudinal rows of denticles present in the 
lateral walls of Cerataspis. In connection with the lateral teeth a pair of 
zygocardiac and a pair of very small pterocardiac ossicles are developed. 
These ossicles are homologous in Cerataspis with the longitudinal lateral ridges 
below the lateral rows of denticles. In Peneus the median tooth is better 
developed and more massive and in connection with it the uro-cardiac and 
the meso-cardiac ossicles are developed. The two small ptero-cardiac ossicles 
articulate with the meso-cardiac ossicle on either side. The pro-pyloric 
ossicle which is responsible for the complicated movement of the median 
tooth in the case of the higher types, is not developed in Peneus and hence 
the median tooth has a simple to-and-fro motion. The wedge-shaped ridge 
projecting into the pyloric chamber in Cerataspis is homologous with the 
cardio-pyloric valve of Pene@us. The setose ridge which acts as the straining 
apparatus in Cerataspis corresponds with the setose pyloric ampullz both in 
structure and function. The lateral ridges in the pyloric chamber of Cerataspis 
correspond to the supra-ampullary ridges of Peneus. ‘The concrescence of 
the supra-ampullary ridges in Peneus and the lateral ridges in Cerataspis 
effects a division of the pyloric chamber into a dorsal and a ventral portion 
in both the cases. At the end of the pyloric chamber in Cerataspis the stomo- 
deal lining is produced into four tongue-like structures called the terminal 
valves which project into the midgut. In Pen@us these terminal valves are 
much elongated. 


From the Penzid type the gastric armature characteristic of Macrura 
Reptantia can be derived. In Astacus fluviatilis (Huxley, 1880) and Nephrops 
norwegicus (Meek, 1922; Yonge, 1924), the ptero-cardiac ossicles are better 
developed than in Peneus. The supra-lateral cardiac teeth have disappeared. 
The zygocardiac ossicles and the lateral teeth associated with them are highly 
calcified. The median tooth is better developed than that of Peneus and in 
connection with it the pro-pyloric, exo-pyloric and the pyloric ossicles are 
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developed. The operation of the median tooth is complicated by the develop- 
ment of these ossicles. Instead of a simple to-and-fro motion as in Peneus 
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Fig. 22. The dissection of the stomach of Penwus indicus (Semi-diagrammatic) 
(reproduced from the Annamalai University Journal, with the kind permission 
of Dr. B. V. Narayanaswami Naidu, Editor, A.U.J.) 
it has now a forward and downward motion due to the interference of the 
pro-pyloric ossicle. The infra-lateral cardiac teeth in Astacus and Nephrops 
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are borne on specialised structures, namely the pectinal ossicles, and are 
probably intended to clean the furrows of the lateral and the median teeth. 
The entire set of lateral ossicles, namely the ptero-cardiac ossicles, the zygo- 
cardiac ossicles and the pectinal ossicles, are homologous with the lateral 
ridges of Cerataspis, whereas only the lateral teeth are homologous with the 
lateral rows of denticles of the latter. The terminal valves in Astacus which 
are six in number, according to Huxley (1880) and Moquard (1883) are 
used to prevent the contents of the midgut from coming back into the foregut. 
But Cuenot (1893) and Pearson (1908) suggest that they are used for carrying 
the hard and sharp pieces present in the food, directly to the hindgut without 
their coming in contact with the delicately walled, endodermal midgut and 
thus damaging it. 

The appearance of the new ossicles in A stacus has necessitated the develop- 
ment of new sets of muscles and the modification of the Penzid type of 
musculature. The cardio-pyloric-constrictor muscles are developed between 
the pyloric ossicle and the meso-cardiac ossicle. The disposition of the lateral 
cardiac muscles is entirely modified in correlation with the disappearance 
of the supra-lateral-cardiac teeth and the development of the pectinal system 
of ossicles. The posterior gastric muscles are in the form of an inner and two 
outer bands. The outer bands are inserted on the exo-pyloric ossicles. 


The stomodzal armatures characteristic of Anomura and Brachyura 
can be derived from the Reptantian, independently. In Anomura as 
shown in the case of Diogenes, Clibanarios and Albunea (Reddy, 1934) 
the pectinal system of ossicles are fused. The infra-lateral cardiac ossicles 
and the post-pectinal ossicles of each side are fused. They are entirely 
masticatory in its function, operating simultaneously with the main masti- 
catory sclerites. But for this difference in structure and function of the 
post-pectinal and the infra-lateral cardiac ossicles, the gastric armature of 
Anomura resembles that of the Reptantian type from which it can be said 
to have evolved on one side, and that of Brachyura on the other. Even the 
development of this additional, masticatory structure exhibits a gradation 
in the degree of fusion of its component sclerites. In the case of Diogenes 
and Clibanarius the fusion is not quite complete. The infra-lateral cardiac 
teeth carried by the pectinal ossicles are retained separately. In the case of 
Albunea they are not separate ; but are fused with the infra-lateral cardiac 
ossicles and the post-pectinal ossicles. 


The gastric armature reaches its highest development in Brachyura 
especially in Cyclometopa and Catometopa. The Brachyuran pectinal 
ossicles and the infra-lateral cardiac ossicles differ from those of Anomura 
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concerned in cleaning the furrows of the median and the lateral teeth which 
have a more complicated development than those of Anomura. Their action 
alternates with the action of the main masticatory sclerites. 


In Brachyura, Anomala, Oxystomata, Oxyryncha as shown by the gastric 
armatures of Dromia rumphii, Matuta victor, Philyra globosa, Macropodia 
longirostrios and Lambrus (Patwardhan, 1935 and Reddy, 1934) the infra- 
lateral cardiac teeth are ill-developed when compared with those of Cyclo- 
metopa and Catometopa. The median tooth is dumb-bell-shaped and is not 
complicated by the presence of any furrows in which any crushed materials 
might get stuck up. The ill-development of the infra-lateral cardiac teeth 
can be correlated with this simplicity of the median tooth which requires 
no cleaning. 


In Cyclometopa the median tooth is generally furrowed and the infra- 
lateral cardiac teeth are comparatively better developed. In Cancer pagurus 
(Pearson, 1908), however, the median tooth is quite simple ; but seems to be 
more chitinised and more massively developed than the median tooth of 
Oxystomata. In Paratelphusa guerini, Corystes cassivelanus (Patwardhan, 
1934-35) and Paratelphusa hydrodromus (Reddy, 1934) the median tooth is 
furrowed and well chitinised. The infra-lateral cardiac teeth are well deve- 
loped. In Catometopa as shown in the case of Gelasimus annulipes (Reddy, 
1934), Cardiosoma carnifex (Patwardhan, 1935) and Ocipoda macrocera the 
median tooth is characterised by the presence of a greater number of furrows 
than in the case of Cyclometopa. Even the zygo-cardiac ossicles with their 
lateral teeth and the pectinal system of ossicles with their infra-lateral cardiac 
teeth are comparatively better developed than in the case of any other group. 


The homology of the various elements constituting the gastric armatures 
of Stomatopoda, Macrura Natantia, Macrura Reptantia, Anomura and 
Brachyura is illustrated in the table. The line of evolution of the gastric 
armature in Decapoda is diagrammatically represented in Fig. 23. There 
is some coincidence between the generic evolution and the evolution of the 
armature in the group. This shows that the one is dependant and determined 
by the other to some extent. The deviations of the evolution of the armature 
from the generic evolution can be said to have been brought about by the 
nature of the food and the mode of life of the various groups. 


Patwardhan (1934) has pointed out that the presence of a highly compli- 
cated gastric mill is accompanied by a relatively less efficient masticatory 
appendages, especially the mandibles. The higher the degree of efficiency of 
the external masticatory structures, namely the oral and the thoracic appendages 
which are concerned in the capture and preliminary reduction of food, the less 
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The table to show the homology 


of the various elements constituting 1 
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12 


13 
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Name of the 
family 


Name of the species 
examined and the 
investigator 


Dorsal Series 


Cardiac division 


Pyloric division 


Name of the of the 
order or tribe 
section 

Stomatopoda. 

Macrura, Penzidea. 

Natantia. 

Do. Do. 
Macrura, Nephropsidea. 
Reptantia. 

Do. Do. 
Anomura. Paguridea. 

Do. Do. 

Do. Do. 

Do. Do. 

Do. Hippidea. 

| 
Brachyura. | Brachyura. 
Anomala. 

Do. Oxystomata. 

| 

Do. Do. 

Do. | Cyclometopa. 

| 

Do. | Do. 

| 
Do. Do. 


Sqguillina. 


Cerataspine. 


Penzidz. 


Nephropsidz. 


Astacade. 


Paguride. 


Do, 


Do. 


Do. 


Albunide. 


Dro miidz. 


Calappide. 


Leucosiide. 


Coristide. 


Cancridez. 


Portunidz. 


Squilla nepa. 
Reddy (1935). 


Cerataspis moustrosus. 


Bonnier (1909). 


Penaeus Indicus. 


Reddy (1934). 


Nephrops norwegicus. 
Yonge (1924), 
Meek (1922). 


Astacus fluviotus. 
Huxley (1880). 


Diogenes custos. 
Reddy (1934). 


Diogenes dingenes. 


Reddy (1934). 


Clibanarius lon gitarsis 
Reddy (1934). 


Clibanarins olivaceus. 
Reddy (1934). 


Albunia syministis. 
Reddy (1934). 


Dromia rum phii. 
Patwardhan (1935). 


Matuta victor. 
Patwardhan (1935), 
Reddy (1934). 


Philyra gilebosa. 
Patwardhan ‘1935). 


Corystes Cassivilanus. 
Patwardhan (1935). 


Cancer pagurus. 
Pearson (1908), 
Patwardhan (1935). 


Neptunus 


sanguino- 
lentes. 


A prominent dorso- 


median ridge. 


A median recurved 
tooth. 


Median tooth with the 
uro-cardiac and 
meso-cardiac ossicles. 


Median tooth tri-radi 
ate. Meso-cardiac 
ossicle reduced. 


10. 
Median tooth conical. 


Do. 
Median tooth simple 
and rhomboidal. 


Do. 


Do. 
Median tooth in the 
form of three poste- 
riorly directed spines. 


Do. 

Do. 
Median tooth rhom- 
boidal. Urocardiac 


ossicle elongated. 


Median tooth conical. 


Mediau tooth in the 
form of three pro- 
cesses. 


Median tooth conical. 


Median tooth in the 
form of 4 transverse 
denticles. 


Median tooth is simple 
and blunt. 


Median tooth consists 
of 2 denticles. 


The roof 
nous. 


is membra- 


The roof of the cham- 
ber thickened into an 
undifferentiated plat 


The pyloric and pro: 
pyloric ossicles are 
differentiated. 


Do. 


Do. 


Do. 


| 
| 
| 
| 
7 = Do. 
8 = Do. 
| 
9 Do. 
= 
| 
| 
| 
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constituting the gastric armature of Stomatopoda and Decapoda. 


Lateral series 


Ventral series 


jloric division 


roof is membra- 


iS. 


‘oof of the cham- 
‘thickened into an 


lifferentiated plate. 


pyloric and _pro- 
oric ossicles are 
ferentiated. 


Do. 


Do. 


Do. 


Do. 


Cardiac division 


Pyloric division 


Cardiac division 


Pyloric division 


An upper and a lower 
pair of ossicles. 


Lateral rows of denti- 
cles and the ridges 
below them. 


The lateral, supra-late- 

ral, infra-lateral 
cardiac teeth and 
zygocardiac _ ptero- 
cardiac ossicles. 


Infra-lateral cardiac 
teeth borne on pecti- 
nal_ ossicles. No 
supra-lateral cardiac 
teeth. 


Do. 


The pectinal and infra- 
lateral cardiac ossi- 


cles fused. 
Do. 
Do. 
Do. 
The _infra-lateral 


cardiac teeth are also 
fused. 


Do. 


Do. 


cardiac 
teeth consists of a 
single denticle. 


Infra-lateral 


3 infralateral cardiac 
teeth. 


Do. 


4 infra-lateral cardiac 


teeth. 


The left and the right 
straining pads. 


Lateral ridges. 


The supra-lateral ridges. 


Do. 


Do. 


Do. 


The unpaired median 
plate. - 


The median ridge is 
produced into a wedge- 
shaped process. 


A poorly chitinised car- 
dio- pyloric valve. 


A well-chitinised cardio 
pyloric valve. 


Do. 


Cardio-pyloric valve 
concave anteriorly. 


Anterior end of the 
cardio-pyloric valve 
chitinised. 
Cardio-pyloric valve 
in the form of 3 ser- 
rations anteriorly. 
Cardio-pyloric valve is 
parted anteriorly, 


Cardio-pyloric valve 
semicircular anteriorly. 


Cardio-pyloric valve is 


blunt anteriorly. 


The ventral 


pad. 


straining 


A wedge-shaped strain- 
ing apparatus. 


The 
ridges. 


Do. 


Do. 


Do. 


Do. 


Do. 


inter-ampullary 


| 
— | 
Do. Do. Do. Do. 
Do. Do. Do. Do. 
Do. | Do. 
|| Do. Do. || ‘ 
Do. Do. Do. 
= Do. Do. 
Do. Do. Do. 
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12 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


Brachyura. 


Do. 


Do. 


Do. 


Do. 


Do. 


Do. 


Do. 


Hippidea. 


Brachyura. 
Anomala, 
| 
| 
} 


| Oxystomata. 


Do. 


Do. 


Do. 


Do. 


Oxyrhyncha. 
Catome opa. 


Do. 


Do. 


Do. 


Do. 


Do. 


Albunide. 


Dro miidz. 


Calappide. 


Leucosiidz. 


Coristide. 


Cancridez. 


Portunide. 


Telfuside. 


Do. 


Maiidz. 


Gecarcinide. 


Graspide. 


Ocipodidz. 


Diogenes dingenes. 


Reddy (1934). 


Clibanarius lon gitarsis 
Reddy (1934). 


Clibanarinus olivaceus- 


Reddy (1934). 


Albunia syministis. 


Keddy (1934). 


Dromia rum phii. 


Patwardhan (1935). 


Matuta victor. 
Patwardhan (1935), 
Reddy (1934). 


Philyra glebosa. 
Patwardhan (1935). 


Corystes Cassivilanus. 
Patwardhan (1935). 


Cancer pagurus. 
Pearson (1908), 
Patwardhan (1935). 

Neptunus  sanguino- 
lentes. 

Reddy (1934), 

Patwardhan (1935). 


Neptunus pelagecus. 


Reddy (1934). 


Paratelphusa guerini. 


Patwardhan (1934). 


Paratelphusa 
dromus. 


Reddy (1934). 


hydro- 


Macropodia longirostris. 
Patwardhan (1935). 


Cardiosoma carnifex. 


Patwardhan (1935). 


Graspus stigosus. 


Patwardhan (1935). 


Gelasimus annulipes. 


Reddy (1924). 


Do. 


Do. 
Median tooth in the 
form of three poste- 
riorly directed spines. 


Do. 

Do. 
Median tooth rhom- 
boidal. Urocardiac 


ossicle elongated. 
Median tooth conical. 


Median tooth in the 
form of three pro- 
cesses. 


Median tooth conical. 


Median tooth in the 
form of 4 transverse 
denticles. 


Median tooth is simple 
and blunt. 


Median tooth consists 
of 2 denticles. 


Median tooth dumb- 
bell-shaped. 


Median tooth consists 
of 3 rhomboidal 
denticles. 


Median tooth consists 
of 3 semi-circular 
denticles, 


Median tooth consists 
of 2 transverse denti- 
cles with 2 small den- 
ticles on either side 
of the anterior one. 


Median tooth consists 
of a row of 6 denti- 
cles. 


Median tooth consists 
of 2 V-shaped den- 
ticles. Urocardiac 
ossicle is very much 
constricted in the 
middle. 


Median tooth consists 
of a row of five 
denticles with a 
longitudinal ridge 
running across them 
right in the middle. 


Do. 


Do. 


Do. 


Do. 


Pyloric ossicle is 

forated in the m 
its 
cornua are very 


Posterior cornua ¢ 
pyloric ossicle t 


Pro-pyloric ossic 
even both ante 
and posteriorly. 


9 Do. Do. Do. 
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Do. 


Do. 


Do. 


Pyloric ossicle is per- 
forated in the middle 
and its posterior 
cornua are very long. 


Posterior cornua of the 
pyloric ossicle turned 
up. 


Pro-pyloric ossicle is 
even both anteriorly 
and posteriorly. 


tase 


Do. 


The infra-lateral 
cardiac teeth are also 
fused. 


Do. 


Infra-lateral cardiac 
teeth consists of a 
single denticle. 


3 infra lateral cardiac 
teeth. 


Do. 


4 infra-lateral cardiac 
teeth. 


A number of small 
infra-lateral cardiac 
teeth. 


Do. 


3 small _infra-lateral 
cardiac teeth. 


A number infra- 
lateral cardiac teeth. 


Do. 
The lateral teeth re- 
semble the teeth of a 
comb. 


Do. 


Do. 


Do. 


Do. 


Do. 


Cardio-pyloric valve 
concave anteriorly. 


Anterior end of the 
cardio-pyloric valve 
chitinised. 


Cardio-pyloric valve 
in the form of 3 ser- 
rations anteriorly. 


Cardio-pyloric valve is 
parted anteriorly, 


Cardio-pyloric valve 
semicircular anteriorly. 


Cardio-pyloric valve is 
blunt anteriorly. 


| valve is 
pointed anteriorly. 


Do. 


| 
| 
Do. 


Cardio-pyloric valve 
slightly depressed at 
the centre anteriorly. 


The anterior end of the 
cardio-pyloric valve is 


| The margin of the 
cardio-pyloric valve is 
even. 


The anterior end of the 
cardio-pyloric valve 


pointed and chitinised. 


pointed and chitinised. 


Do. 


Do. 


Do. 


Do. 


Do. 


Do. Do. Do. Do. Do. 
Do. Do. Do. Do. Do. 4 
Do. Do. Do. Do. 
Do. Do. 
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is the development of the internal gastric armature. In the case of Stomato- 
i poda the deficiency in the gastric armature is compensated for by the develop- 
ment of the strongly serrate mandibles and the powerfully prehensile maxil- 
Jepedes. The reduction and the mastication of food is effected mainly by the 


Anomura Brachyura 


(Hippidea) (Catometopa) 


Brachyura 
(Cyclometopa) 


Anomura 


(Paguridea) 


Brachyura 
(Brachyura Anomala, Oxystomata 
& Oxyryncha) 


Macrura Reptantia 
(Nephropsidea) 


Macrura Natantia 


(Penacidea & Stenopidea) 


Macrura Natantia 
(Atyidae & a few families of 


Caridea) 


Macrura Natantia 
(Cerataspis montrosus) 
Macrura Natantia 


(Palaemonidae & the majority 
of the families of Caridea) 


Stomatopoda 
Fig. 23. To show the trend of evolution of the gastric armature in Decapoda. 


incisor and molar processes of the mandibles. In Penaeus the external 
masticatory appendages on the whole are not so efficient. Only the mandibles 
are well developed and serrate. But the deficiency is made up by the better 
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development of the gastric armature. In Palemon (Patwardhan, 1934) the 
development of the highly chitinised and massive mandibles is followed by 
the entire disappearance of the stomodeal armature. In Astacus fluviatilis 
(Huxley, 1880) and Nephrops norwegicus (Meek, 1922; Yonge, 1924) the 
mandibles are feebly developed. They are serrate; but are not chitinised. 
This has brought about the development of the more efficient lateral and 
median teeth. In Anomura the mandibles have a wavy margin. Even 
the serrations have disappeared. This is accompanied by the additional 
masticatory structures in the gastric armature of the group. 


In Brachyura, this inverse relation existing between the development of 
the mandibles and the gastric armature is well illustrated. In Oxystomata, 
the mandibles are comparatively better developed than those of Cyclometopa 
and Catometopa. But the internal structures of mastication are relatively ill 
developed. The mandibles of Cyclometopa have a wavy margin and 
entirely useless for mastication whereas they are very much reduced in Cato- 
metopa. This is followed by the high chitinisation and the complicated deve- 
lopment of the zygo-cardiac and uro-cardiac ossicles and their associated 
teeth. 

We see that the efficiency of the external mastication is followed by the 
deficiency of the internal mastication and vice versa; but in the case of the 
young forms the development of the masticatory structures is comparatively 
less efficient than in the case of the older forms. Since it is a question of 
relative growth the total efficiency of the masticatory structures increases 
with the growth of the animal and with the growth there is a relative increase 
in the food requirements of the animal. Hence the total amount of food that 
is to be masticated is increased. If F is the value for the total amount of 
food which is to be masticated, F’ the value of the food that is masticated by 
the external masticatory structures and F” the value of the food that is 
masticated by the internal masticatory structures, then the values for the 
external masticatory and internal masticatory efficiencies will be F’/F and 
F’/F respectively. The total masticatory efficiency F’/F + F’/F =K 
(approx.) where K is a constant. 

The other factors concerned in the regulation of the development of the 
gastric armature are the nature of the food which requires strong mastication, 
the environment, the habits and the habitats of the animal which necessitate 
a hurried swallowing of the food and the nature of the mechanism of digestion 
and assimilation in the animal. Patwardhan (1934) has mentioned that it 
is possible to correlate the habits and habitats of the animal with the presence 
or the absence or the degree of development of the different organs of mastica- 
tion. The Stomatopoda are marine. The larval forms are exclusively 
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pelagic occurring in large numbers in the plankton of the tropical and the 
temperate seas while the adults generally inhabit burrows in the sand or mud 
at the bottom of the sea where the water is shallow. Calman (1909) states 
that many Stomatopods appear never to wander away from their burrows 
and that the slightest alarm of any kind drives them back to their burrows 
with amazing rapidity, for which they are well adapted. They are all very 
active and predatory. Their diet appears to be almost if not purely an animal 
one. The shy and timid habits of the animal necessitate a hurried swallowing 
of the food without proper mastication. The digestive glands and their 
ducts are homologous with the “Hepatic”’ digestive glands of other Crustacea 
(Orlandi, 1901; Lister, 1909) and the digestion and assimilation of food is 
possible only when the food is in a very finely masticated condition. Had it 
not been for the peculiarly disposed strong mandibles and sub-chelate maxil- 
lipedes complete mastication would be impossible. 

Peneus is found both in shallow and in fairly deep waters and it does not 
appear to be so timid as Stomatopods. An examination of the stomach 
contents of a number of these forms does not show any trace of broken 
shells of animals or chitinous structures (Reddy, 1934). It seems to feed on 
soft animal food such as small fishes and worms. Correlated with these facts 
the gastric armature is more intended for tearing into small pieces its soft 
prey than for breaking down hard structures as in the case of animals which 
live on foodstuffs encased in shell and other chitinous envelopes. 


The diet of Astacus and Nephrops is mostly an animal one consisting 
of tiny molluscs, worms and small crustaceans. ‘The hard nature of the food 
is followed by the development of the gastric armature which is well adapted 
for breaking down the chitinous envelopes surrounding the food. 


The hermit-crabs are very pugnacious creatures exercising their fighting 
propensities freely and live entirely on carnivorous diet. They often eat 
their own kind. Much of the preliminary reduction is done by the unequally 
developed huge chele of the first thoracic leg. The rest of the mastication 
is performed by its stomodzal armature. 

Neptunus pelagicus, Neptunus sanguinolentes and Matuta victor are 
marine with an animal diet consisting mostly of the pelagic crustacean larve, 
marine polychetes, and to a slight extent certain marine weeds. ‘The habits 
and habitats and environments and the correlated development of the gastric 
armature in Paratelphusa guerini are described by Patwardhan (1934). They 
are the same in the case of Paratelphusa hydrodromus also. 

The Catometopa are either littoral or shallow water forms or else they 
live entirely on land. The Ocipodide are mostly land genera. Ocypoda 
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macrocera and Gelasimus annulipes are gregarious in their habit, occurring 
in huge crowds in the coastal swamps and living in the burrows which they 
make in the sand. They are very timid and are always extremely alert, direct- 
ing their stalked eyes in all directions. The least alarm drives them into their 
burrows with astonishing rapidity. Such extremely timid creatures naturally 
swallow their food in a great hurry without any external mastication. Hence 
is the development of an highly efficient and complicated gastric armature in 
the group. 

In Stomatopoda, Macrura, Anomura and Brachyura the process of 
digestion and absorption is confined to the delicately walled endodermal 
midgut and the tubules of the “‘hepato-pancreatic”’ digestive glands. Before 
the food is passed on to the midgut any hard and sharp structures such as 
shells and chitinous pieces should be eliminated so that the soft walls of the 
midgut which are not lined by any chitin, might not be damaged.4 Further 
the food should be in a finely divided state for facilitating the action of the 
digestive juices and its subsequent absorption by the epithelium of the mid- 
gut and the “hepato-pancreatic” tubules. Hence the presence of the 
gastric armature; but the degree of its development and complexity is 
dependent on the degree of reduction and the state of division in which the 
food enters the gastric chamber after its preliminary processes of mastication 
by the external masticatory appendages. 


Summary and Conclusion. 


1. The structure and the modus operandi of the gastric armature of 
Squilla nepa, Latreille, is described with special reference to the, development 
of its external masticatory appendages. 

2. The formation of the gastric armature in the larval and the early 
adult stages of Squilla nepa, Latreille, is described. 


3 Max Weber (Archiv f. mikr. Anat., Bd. 17, 453) first distinguished the existence 
of “liver” and “ferment” cells in the digestive glands of Arthoropoda and Mollusca and 
termed the digestive glands as “hepato-pancreas”. But due to a further functional complexity 
which presented itself at a later date, the expressive term has been dropped. 


Saint-Hilaire (Bull. Acad. R. Belgique, Ser. 3, Tm. 24, 506) suggested the partly absorp- 
tive nature of the glands after some experimental observations on Astacus. Cuenot (Compt. 
Rend. Acad. Sci., Paris, Tm. 116, 1257) agrees with Saint-Hilaire in attributing an absorptive 
function to the glands. Stomati (Bull. Soc. Zool. de France, Tm. 13, 146) worked on the 
“hepato-pancreatic” secretions of Astacus and has experimentally shown their structure, re- 
actions to chemical reagents and digestive action. Recently, Yonge (Brit. Journ. Exp. Biol. 
Edin. z., 373) has conclusively established the digestive and absorptive nature of the digestive 
glands. 


4 Vide the views of Huxley (1880), Cuenot (1893), Mocquard a and Pearson 
(1908) -about the terminal valves, mentioned elsewhere in the paper. 
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3. It is shown that the nature of the evolution of the gastric armature 


in Decapoda is determined by— 


(i) the nature of the food of the animal ; 
(ii) the nature of the external masticatory developments ; 
(iii) the nature of the environment, habits and habitats of the animal ; 
(iv) the nature of the mechanism of digestion and absorption in the 
animal ; and 
(v) to some extent by the generic evolution of the various groups. 
4. It is indicated that the sum of the external and internal masticatory 
efficiency is approximately constant. 
5. The trend of the evolution of the gastric armature in Decapoda is 
traced. 


In conclusion I have great pleasure in expressing my best thanks to 
Dr. S. G. Manavala Ramanujam, Professor of Zoology, Presidency College, 


Madras, for valuable suggestions. 
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REFERENCE LETTERS. 


Ampullary ridges. 

The anterior lateral muscles going to the rostrum. 

The anterior lateral muscles running to the carapace. 

The anterior cardiac chamber. 

Chitinous ridges. 

Cardiac chamber. 

The median ridge in the roof of the cardiac chamber. 

The dumb-bell-shaped sclerite. 

The dorsal anterior muscle band. 

The dorsal posterior muscle band. 

Intestine. 

Incisor process. 

The intrinsic muscles between the right and left straining pads. 
The intrinsic muscles between the pre-oral and the post-oral ossicles. 
The intrinsic muscles between the post-oral and the median plate. 
Infra-lateral cardiac teeth. 

The lateral ridges. 

Lateral teeth. 


The lateral muscles between the floor of the pre-oral cardiac division and 
the carapace. 


The lateral muscles between the lateral ossicles and the carapace. 
Lower lip. 

The tapet-like terminal valves. 

The left straining pad. 

Lateral rows of denticles. 

Lower lateral sclerite. 

The lateral band of muscles from the upper lip. 
The lateral thickening. 

Mesocardiac ossicle. 

Molar process. 

Median tooth. 

Median folding. 

The median band of muscles from the upper lip. 
Oesophagial denticles. 

Ossicles supporting the right and left straining pads. 
Ptero-cardiac ossicles. 

Pre-oral ossicle. 

Post-oral ossicle. 

Posterior lateral muscles going to the sternal plates. 
Posterior lateral muscles going to the carapace. 
The posterior band of muscles from the lower lip. 
Pyloric chamber, 
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Posterior cardiac chamber. 

Palp. 

Sete. 

Sub-chelate segment. 

Spine-like process of the maxillary endite. 

Supra-lateral cardiac teeth. 

Uro-cardiac ossicle. 

Ventral straining wedge-shaped ridge. 

The ventral band of muscles from the dumb-bell-shaped sclerite. 
The ventro-median ridge. 

Ventral thickening. 

Upper lip. 

Upper lateral sclerites. 

Wedge-shaped ridge projecting into the pyloric chamber. 
Zygo-cardiac ossicle. 
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MORPHOLOGY OF A NEW GENUS OF 
TREMATODE, FAMILY ASP/DOGASTRIDA 
POCHE, 1907, FROM THE INTESTINE OF A 

TORTOISE, L/SSEMYS PUNCTATA, TOGETHER 
WITH A KEY FOR THE IDENTIFICATION 
OF THE KNOWN GENERA. 


By Brmari Srnwa, M.Sc. (Lvuck.), 


Research Scholar, University of Lucknow. 


Received February 21, 1935. 
(Communicated by Dr. G. S. Thapar.) 


BAER (1827) described from Prussia a trematode parasite of Anodonta as 
Aspidogaster conchicola which was classified by Burmeister (1856) under a 
new family, Aspidobothrii, on account of the presence of a peculiar multi- 
loculate adhesive apparatus. The latter author also proposed the division of 
the Trematodes into (1) Malacobothrii, (2) Pectobothrii and (3) Aspidobothrii. 
I have not seen his work in original but it has been referred to by several 
subsequent workers. Other authors, however, continued to include the 
genus, Aspidogaster, under Polystomes. Leidy (1857) described another genus, 
Cotylaspis, from the mantle cavity of North American Unionide. Olsson 
(1868) described the genus, Macraspis, from the gall-bladder of a fish, Chimera 
monstrosa, from the coast of Europe. Cunningham (1884) added another 
genus, Stichocotyle, from the Norwegian lobster, Nephrops. Monticelli (1892) 
described the genus Cotylogaster, from the intestine of the European fish, 
Cantharus vulgaris, and refused to recognise the generic importance of 
Stichocotyle Cunningham, 1884, as its description was based on the larval 
form, but Odhner (1898) finally established the identity of the latter genus by 
the discovery of the adult forms from the bile-duct of rays. Monticelli in 
the same communication also revised the classification of Burmeister and 
renamed the three sub-orders of the Trematoda thus :—(1) Heterocotylea, 
(2) Aspidocotylea and (3) Malacocotylea. Ljooss (1902) reported yet another 
genus, Lophotaspis, from the stomach of Thalassochelys corticata, with the 
characters of the presence of tentacle-like sense organs at the margins and 
intersection of the ridges of the adhesive disc. Poche (1907) changed the 
family name Aspidobothrii to Aspidogastride. Stunkard (1917) redescribed 
in detail Cotylaspis cokeri Barker and Parson, 1914, from the intestine of 
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Malacoclemmys lesueurii, and also added a summary of the classification 
of the family. Eckmann (1932) erected a new genus, Lobatostoma, for 
Aspidogaster ringens (Linton, 1907). The present communication deals with 
an account of a new genus of the family, collected at Lucknow, from the 
intestine of a tortoise, Lissemys punctata, as a first representative oi the family 
from Vertebrate hosts from India. 

The work was carried under the direction of Dr. G. S. Thapar, to whom 
the writer wishes to express his indebtedness for the constant guidance and 
interest he has taken in this work. He made helpful suggestions in connection 
with the preparation of the manuscript for the press and also placed the 
use of his private library at my disposal. 


Lissemysia indica n.g., n.sp. 

The body is composed of two parts, an anterior dorsal forebody capable 
of great extension and a posterior ventral adhesive disc. The wornis of the 
genus average 0-89 mm. in length and 0-62 in breadth. 

The adhesive disc is a multiloculate sucker used for attachment and 
locomotion. The ventral surface is divided into twenty-nine acetabula, of 
which nineteen are peripheral and ten median, the latter being enclosed by 
the former. The size of the disc is variable to a certain extent but on an 
average measures 0-62—0-65 mm. in length and 0-62-0-66 mm. in breadth. 


Lissemysia indica, external characters. 


At the end of the cross partitions of the adhesive disc are the marginal 
organs. They are placed in the spaces between the muscular edges of the 
adhesive disc and the outer wall of the body and consist of fine narrow tubes 
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running dorsally from their openings on the ventral surface and terminating 
into a large spherical cavity in the form of a bulb. The neck of the organ 
is capable of slight extension beyond the outer limits of the body. 
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Fie. 2. 
Lissemysia iidica, general anatomy. 


The mouth funnel is a cup-shaped organ, situated subterminally on the 
ventral surface and is devoid of an oral sucker. It measures 0-05 mm. by 
0-068 mm. in size. ‘There is no prepharynx, the mouth leads directly into a 
spherical pharynx, 0-065 mm. in diameter. It is followed by a small ceso- 
phagus which passes into a wider intestine. The intestine is a large sac-like 
structure, extending almost in the median line and terminates at a distance 
of 0-20 mm. from the posterior end of the body. 


The excretory pore is situated dorsally near the posterior end of the body. 
It leads into a small excretory vesicle which immediately divides into 
two large flask-shaped collecting ducts. These ducts extend anteriorly on 
either side of the body, mesial to the vitelline glands. Near the genital 
pore they divide into two, one running to the head and the other passing 
backwards on either side of the body. 
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There is a single large testis which is generally placed on the right side 
of the median line. It is oval in shape and measures 0-20 mm. by 0-13 mm. 
in size being situated at a distance of 0-22 mm. in front of the posterior end 
of the body. The vas deferens arises from the middle of the antero-lateral 
margin of the testis and turns towards the left, entering a large much coiled 
vesicula seminalis. The latter is a much coiled tube, extending from the 
region of the testis and terminally becomes constricted into a small tube 
which enters the genital pore. The genital pore is situated in the median 
line on the ventral surface of the fore-body, a little behind the pharynx. The 
male and female ducts open separately, the male opening is on the left side 
while the female on the right. 
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Fic. 3. 
Lissemysia indica, ovary and éotype complex. 


The ovary is a small ovoid body, situated on the left side of the median 
line, slightly anterior to the middle of the body and measures 0-075 mm. by 
0-10 mm. in size. The oviduct arises from the posterior margin of the ovary 
and passes backwards posteriorly. After a short distance it receives a short 
forwardly-directed common vitelline duct to form the 6otype which is sur- 
rounded by shell gland cells. 


The vitellaria are arranged along the sides of the body and are continuous 
with each other behind the intestinal sac. The follicles are large and more 
numerous posteriorly than anteriorly. The transverse vitelline ducts meet 
behind the ovary to form a small vitelline reservoir which leads through a 
small common vitelline duct into the dotype. 


The uterus arises from the 6otype and passes backwards as far as the 
region of the testis where it turns up beneath the latter and passes forwards 
towards the anterior end, joining the metraterm in front of the adhesive disc. 
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Only a single egg was present in the uterus and in all the specimens examined 
the egg was always found to be in the coil of the uterus in front of the testis. 
The egg is large and oval in shape, measuring 0-156 mm. by 0-09 mm. 


The main characters of the present form, Lissemysia indica may be 
summed up thus :-— 


1. The arrangement of the alveoli on the adhesive disc in three rows, 
nineteen peripheral and ten median. 

2. The presence of the marginal organs at the cross partitions of the 
adhesive disc. 

3. The presence of a simple sac-like intestine. 

4. The presence of the excretory pore on the dorsal surface. 


5. The presence of one testis, generally placed to the right of the median 


6. The absence of cirrus and cirrus sac. 
7. The absence of receptaculum seminis. 


8. The arrangement of vitellaria along the sides of the body, meeting 
posteriorly. 


9. The presence of the uterus with a descending and an ascending 
limb ; and 


10. The presence of a single large egg. 


Discussion. 

Stunkard (1917) revised the classification of the family as given by Nicker- 
son (1902) and recognised the following characters of diagnostic value :— 
Number of rows of alveoli on the adhesive disc. 

Presence or absence of marginal organs. 
Presence or absence of oral sucker. 
Presence of one or two testes ; and 


Presence or absence of cirrus. 


On the basis of these characters he has given the following synopsis of the 
genera included under the family :— 


1. Aspidogaster von Baer, 1927. Type sp. A. conchicola. 


“Oval adhesive disc, four rows of alveoli, marginal organs present, mouth 
subterminal, oral sucker absent, one testis.” 


2. Cotylaspis Leidy, 1857. Type sp. C. insignis. 
“ Oval adhesive disc, three rows of alveoli, marginal organs present, mouth 
subterminal, oral sucker absent, one testis.” 
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3. Macraspis Olsson, 1868. Type sp. M. elegans. 


“A single row of confluent alveoli in the adhesive organ, marginal organs 
present, mouth terminal, one testis.” 


4. Stichocotyle Cunningham, 1884. Type sp. S. nephropis. 


“A single row of more or less distinct alveoli, marginal organs absent, 
mouth subterminal, oral sucker absent, two testes.” 


5. Cotylogaster Monticelli, 1892. Type sp. C. michelis. 


“ Adhesive disc with three rows of alveoli, marginal organs present, mouth 
terminal, oral sucker present, two testes.” 

6. Lophotaspis Looss, 1902. Type sp. L. valle. 

“ Adhesive disc with four rows of alveoli, marginal organs present in the 
form of tentacles at all the intersections of the ridges of the adhesive disc, 
mouth terminal, one testis, cirrus absent.” 

To this list is added :— 

7. Lobatostoma Eckmann, 1932. Type sp. L. ringens. 

“Adhesive disc with four rows of alveoli, marginal organs present, 
mouth surrounded by lip-like processes, one testis, cirrus present.” 

The present form resembles Cotylaspis and Cotylogaster in the presence 
of three rows of alveoli; Aspidogaster, Lobatostoma, Cotylaspis, Macraspis, 
Cotylogaster and Lophotaspis in the presence of the marginal organs; 
Aspidogaster, Lobatostoma, Cotylaspis, Stichocotyle and Lophotaspis in the 
absence of an oral sucker ; Aspidogaster, Lobatostoma, Cotylaspis, Macraspis 
and Lophotaspis in the presence of only one testis; and Lophotaspis in 
the absence of a cirrus. But it differs from Aspidogaster, Lobatostoma, 
Macraspis, Stichocotyle and Lophotaspis in the number of the rows of alveoli 
on the adhesive disc, on which character alone the various genera can be 
grouped into three categories thus :—- 

1. Those with a single row of alveoli. Macraspis and Stichocotyle. 

2. Those with three rows of alveoli. Cotylaspis, Cotylogaster and 
Lissemysia. 

3. Those with four rows of alveoli. Aspidogaster and Lophotaspis. 

Further examination shows that the present genus differs from Macraspis 
and Stichocotyle also in the shape of the body, in the absence of a cirrus sac 
and in its being a Chelonian parasite ; and further from the genus, Stichocotyle, 
in the presence of the marginal organs and only one testis. From the genus 
Aspidogaster, it can be readily distinguished in the absence of the cirrus sac 
and in its being a Chelonian parasite ; and, from the genus, Lophotaspis in 
the absence of the marginal tentacles, in the subterminal position of the 
mouth and in the position of the testis and the genital pore. It can be 
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distinguished from Lobatostoma in the absence of lip-like processes round the 
mouth, in the absence of cirrus and cirrus sac and in its being a Chelonian 
parasite. In the presence of three rows of alveoli on the adhesive disc, the 
present form is very closely allied to the genera, Cotylaspis and Cotylogaster, 
from both of which it can readily be distinguished in the absence of a 
cirrus sac. It can further be distinguished from the genus, Cotylaspis also 
in the number of the alveoli and the marginal organs on the adhesive disc 
and in the position of the testis; and, from the genus, Cotylogaster, also in 
the subterminal position of the mouth, in the absence of an oral sucker, in 
the presence of only one testis and in its being a Chelonian parasite. All 
this shows the justification for the creation of a new genus for these forms. 

The diagnosis of the genus may be summarised thus :— 

Aspidogastride : Small in size ; body divided into two parts, an anterior 
dorsal fore-body and a posterior ventral adhesive disc. Adhesive disc divided 
into three rows of twenty-nine alveoli, nineteen peripheral and ten median. 
Mouth opening subterminal; prepharynx absent; pharynx muscular ; 
cesophagus short ; intestine sac-like. Excretory system typical of the family. 
Testis one, generally on the right of the median line ; vesicula seminalis much 
coiled and voluminous ; cirrus sac and cirrus absent. Genital pore in front 
of the adhesive disc in the median line, a little behind the pharynx ; male 
and female pores separate. Ovary on the left side of the median line, near 
the middle of the body ; receptaculum seminis absent ; uterus with a descend- 
ing and an ascending limb, the latter passing beneath the testis and containing 
only one egg ; metraterm present. 

Host.—-Lissemys punctata. 
Location.—Intestine. 
Locality.—I,ucknow. 


Key to the genera of the family, Aspidogastride Poche, 1907 :— 


1, (12) Adhesive disc divided into several rows of alveoli o- 8 
2. (7) Adhesive alveoli in four rows .. 
3. (4) Mouth surrounded by lip-like processes Lobatostoma. 
4. (3) Mouth not surrounded by lip-like processes 
5. (6) Peculiar ‘“‘tentacles” as marginal organs present 
Lophotaspis. 
6. (5) Peculiar ‘‘tentacles’’ as marginal organs absent 
Aspidogaster. 
7. (2) Adhesive alveoli in three rows .. 


(9) Oral sucker present, testes two os Cotylogaster. 
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9. (8) Oral sucker absent, testis one .. 
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10. (11) Cirrus sac present Cotylaspis. 
11. (10) Cirrus sac absent Lissemysia n.g. 
12. (1) Adhesive alveoli in a single row . 13 
13. (14) Adhesive alveoli confluent, sense organs present, testis 
Macraspis. 
14. (13) Adhesive alveoli distinct, sense organs absent, testes 
Stichocotyle. 
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LETTERING ON THE FIGURES. 


ad. .. adhesive disc. @s. +. cesophagus. 

cud. .. common vitelline duct. Oo. .. Gotype. 

ex. b. .. excretory bladder. ov. +. Ovary. 

ex.p. .. excretory pore. ph. .. pharynx. 

-. genital pore. $.g. .. Shell gland. 

ic. intestinal caecum. é. .. testis. 

m. mouth. ut. uterus. 

met. +. metraterm. vit. Vitellaria. 

m.0. marginal organs. Ur. Vitelline reservoir. 
od. ++ oviduct. v.S. +» vesicula seminalis. 
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It has been suggested by a number of earlier workers that development of 
amyloclastic power in germinating barley takes place as a consequence of 
and with the co-operation of the proteoclastic system of enzymes of the 
seed (Baker and Hulton, 1922; Syniewski, 1925; 1925-26; 1927-28; Polak 
and Tychowski, 1927-28). Liiers (1920), on the other hand, maintained that 
the formation of the so-called B-diastase in malt is a process of oxidation 
of a-diastase of barley. More recent investigations of Waldschmidt-Leitz 
and Purr (1931) show that increase in amyloclastic power follows the activa- 
tion of the seed proteinases. According to these authors, the essential 
difference between the barley amylase system and the malt system consists 
in the formation of amylokinase, an activator of organic nature which 
originates during the process of sprouting. 


Baker and Hulton (loc. cit.) have shown that by auto-digestion of barley 
powder, the amyloclastic activity is increased. Similar increase is observed 
on treatment with papain. From a critical examination of the literature, 
it is not very clear whether the increased activity on autolysis is due to 
liberation of larger quantities of enzyme (or its active group) from adsorptive 
combination with proteins or whether any specific activator of the type of 
amylokinase arises and causes a change in activity of the enzyme. The 
observation that during germination activation of the seed proteinase 
precedes the formation of the activator would suggest that it is formed either 
as a product of decomposition of proteins or is liberated from them from 
an adsorbed state. Since it is known that proteoclastic enzymes play a 
prominent réle in autolytic processes, it was thought possible that a similar 
type of activator would arise during autolysis and be responsible for the 
observed increase in activity. It was decided, therefore, to investigate whether 
the mechanism of autolysis in the physiological process of germination as it 
affects the amyloclastic system is similar to that occurring in remains of 
dead cells or their extracts. With a view to testing out this, the amyloclastic 
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activity of digests of powdered barley allowed to autolyse for different 
periods of time was determined. 

Preparation of samples.—Malting barley (5g.) was powdered to pass 
the 40-mesh sieve and mixed with 25c.c. of distilled water and 5c.c. of 
toluene in a centrifuge tube. The specimen to be examined on the first day 
was shaken for 2 hours in a shaker, centrifuged for 5 mins., and the almost 
clear supernatant filtered through dry filter paper. The extract was preserved 
with 1 c.c. of toluene. The other samples were allowed to autolyse for 
48, 72, 96 hours and 8 days respectively. Each day the samples were shaken 
occasionally for a few minutes. At the end of the period of autolysis they 
were treated as before. 

Determination of amylase activity —To 50 c.c. lots of a solution of soluble 
starch (Zulkowski) containing 250 mg. were added 10 c.c. of Walpole’s acetate 
buffer (P, 5-1) and 0-5c.c. of the enzyme extract obtained as described 
above and the sugar estimated at stated intervals (after stopping the enzyme 
action with 30 c.c. of N/10 caustic alkali) according to Willstatter and Schudel 
(1918). The results given in Table I show the percentage of maltose formed 
at different intervals of time (calculated on the basis of 650 mg. of maltose 
from 1 g. of starch). 

The values for x/t in Table I go on decreasing in all cases except that 
of the extract obtained by shaking for two hours where there is a tendency 
for the ratio to be constant for a short period. The monomolecular 
constants also tend to decrease and as could be seen from Fig. 1, the enzyme 
from fresh barley follows reaction of the first order for a short period while 
with the other extracts the activity proceeds very much slower. These results 
would show that the enzymes obtained by autolytic processes are compara- 
tively less stable. ‘ 

The above results also show that during autolysis no activator of the 
type of amylokinase is formed. In this connection it is interesting to compare 
the behaviour of malt amylase as well as the system barley amylase plus 
amylokinase studied by Waldschmidt-Leitz and Purr (loc. cit.). For the 
saccharification of amylose by malt amylase those authors found a direct 
proportionality between time and action; the monomolecular constant 
showed a corresponding ascent. With fresh barley amylase, the hydrolysis 
was found to proceed much slower than a reaction of the first order. The 
course of saccharification with barley amylase activated by amylokinase, 
on the other hand, corresponded to that of the malt enzyme. These considera- 
tions when compared with the result obtained with the enzyme extracts 
from autolysed barley digests would preclude the possibility of the forma- 
tion of amylokinase during autolysis. 
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TABLE I, 


Kinetics of starch hydrolysis by enzyme extracts from barley digests 
after autolysis for different periods. 


Autolysis for 
After shaking 
for two hours 
= 48 hrs. 72 hrs. 96 hrs. 8 days 
mins. |— | 
Maltose) |Maltose| |Maltose| |Maltose| 4+ [Maltose| 
per per per per per apa 
cent. t cent. t cent. t cent. t cent. t 

1 4-6 | 4-6 12-5 |12-5 13-2 |13-2 14-3 |14-3 14-9 | 14-9 

2 8-5 | 4-3 18-5 | 9-3 20-4 {10-2 21-3 |10-2 

4 15-4 | 3-6 27-8 | 6-95 | 30-0 | 7-5 31-6 | 7-9 30-2 7 +6 

5 18-0 | 3-6 33-0 | 6-6 36-0 | 7-2 37-0 | 7-4 

10 32-5 | 3-25 | 50-8 | 5-75 | 55-3 | 5-53 | 56-1 | 5-61 | 53-0} 5-3 
15 45-3 | 3-02 | 61-0 | 4-06 | 64-0 | 4-27 | 65-3 | 4-35 | 63-6 | 4-2 
20 54-3 | 2-71 | 65-9 | 3-30 | 68-5 | 3-43 | 68-8 | 3-44 
25 59-3 | 2-37 | 68-0 | 2-72 | 70-6 | 2-83 | 71-3 | 2-85 | 71-2 2-8 
30 62-8 | 2-09 | 69-1 | 2-30 | 71-8 | 2-39 | 72-5 | 2-42 

40 66-5 | 1-66 | 70-3 | 1-76 | 72-8 | 1-82 | 73-5 | 1-84 | 72-5 2-4 
50 68-3 | 1-37 | 71-0 | 1-42 | 73-3 | 1-47 | 73-8 | 1-48 
60 69-5 | 1-16 | 71-5 | 1-19 73-0 ; 1-22 | 73-8 | 1-23 | 74-3 1-2 


* » = percentage of maltose; 


t = time in minutes. 


It is well known that activation of proteinases of yeast and of animal 
tissue during autolysis consequent on destruction of the living cell is depend- 
ent on the formation of reduced form of sulfhydryl compounds of the type 
of glutathione and cysteine (Grassmann, Schoenebeck and Eibeler, 1930-31 ; 
Waldschmidt-Leitz, Purr and Balls, 1930; Waldschmidt-Leitz and Purr, 
1931). The extracts as well as tissue suspensions of barley at different stages 
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of autolysis were tested for the presence of sulfhydryl compounds in the 
usual way with nitroprusside in order to find out if the proteinase system 
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Fia. 1. Curves showing the variation of the velocity constant with time. 
©—© Extract after shaking for 2 hours. 
after autolysis for 48 hours. 
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a4 ” ” ” ” 96 hours. 


had been activated by compounds of that type. Remarkably, however, the 
test was negative throughout. 


The solid contents of the extracts as well as their reaction were also 
determined. The results are presented in Table II. 
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TABLE II. 
Solid content, Pu and nitroprusside reaction. 
After Autolysis for 
Item shaking 
for2 hrs.| 48hrs. | 72 hrs. | 96 hrs. 8 days 
Solid content of 5 c.c. of extract 
(in mg.) ..| 104-0 | 147-75 | 154-5 | 160-0 183 +5 

Nitroprusside reaction —ve —ve —ve —ve —ve 
P, 6-2 6-1 6-1 6-1 5-9 


A comparison with Table I would show that up to a certain stage, 
increase in solid content bears an approximate relation to increased liberation 
of enzyme. After this, as for example, on the 8th day, though the solid- 
content has increased, the enzyme activity has not done so. 

Variations in the P, of the extracts (determined colorimetrically) are 
not so striking as to warrant any comment. The extracts would appear to 
be well buffered so that there seems to be scarcely any increase in acidity 
at all. This rules out the possibility of the acidity produced during autolysis 
being one of the causes for the comparative instability of the extracts 
obtained. 

Waldschmidt-Leitz and Purr (1932) have shown that resting barley 
contains both a- and B-amylases, the former in a completely inactive condition. 
During germination, the a-form is activated by the amylokinase originating 
from proteoclastic action and the above authors attribute the increase in 
total amyloclastic activity as being chiefly due to activation of the a-compo- 
nent. Though the results obtained in this paper do not warrant the assump- 
tion of the formation of an activator of this nature during autolysis, it was 
still thought possible that at least a part of the increased amylase activity 
might refer to liberation of the a-component from an adsorbed state. In 
order to test this, the transition points (Purr, 1934) of the different amylase 
preparations obtained above were determined. 

The reaction mixture was the same as in previous experiments. 
Every two minutes l c.c. of the mixture was dropped into a test-tube con- 
taining 2 c.c. of distilled water and 10 drops of N/100 iodine solution. When 
the colour had just changed to blue-violet, 50c.c. of the reaction mixture 
was taken out, dropped into 30c.c. of N/10 alkali and the sugar formed 
determined as before. The results given in Table III show the percentage 
of maltose formed at the transition point. 
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TABLE III. 


Transition point. 


Item | 2 hrs. | 48 hrs. | 72 hrs. | 96 hrs. | 8 days 


Time of change to blue-violet 
in mins. .. ee ee 25 17 13 13 13 


Maltose percent. .. --| 63-8 64-0 62-0 62-4 62-0 


The results in the first instance show that there is no change in the 
transition points of the extracts obtained by autolysis. The hastened 
appearance of the same at the end of 48 and 72 hours’ autolysis is evidently 
due to formation of larger quantities of the enzyme. After 72 hours, the 
transition to blue-violet occurs at about the same time, thus showing that 
very little more of fresh quantities of enzyme is liberated after that 
period. This is confirmed by the closeness of the curves for time- 
velocity constant obtained with the extracts autolysed for 72 and 96 
hours respectively. 


The fact that there is no change in the transition point (7.e., increase 
in percentage of maltose formed) would show that only greater amounts of 
the B-form are liberated since in fresh barley the activity is solely due to the 
B-form and the transition points for the later stages correspond to that of 
the fresh barley. There was, however, a surprising feature about the transi- 
tion points. According to Purr (loc. cit.) the transition point for barley 
amylase is 102 per cent. of the theoretical quantity of maltose. As could be 
seen from Table III, in no case was the transition point above about 64 per 
cent. This was ultimately traced to the use of soluble starch as substrate 
for determining the enzymic activity as recommended by Purr in his paper 
and it is known that this contains a certain amount of amylopectin. On 
using pure amyloamylose (prepared by electro-dialysis of 2 per cent. solu- 
tion of potato starch) as substrate, the transition point was observed to be 
almost the same as that mentioned by Purr. Table IV shows values of the 
transition point obtained with amyloamylose as substrate. [To 30c.c. lots of 
amyloamylose containing 105-6 mg. solid were added 10 c.c. of acetate buffer 
(P,, 5-1) and 10c.c. of the various enzyme extracts. At the point of colour 
change, 20 c.c. of the reaction mixture was pipetted out and the sugar esti- 
mated as before.] 
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TABLE IV. 
Transition point using amyloamylose as substrate. 
Item 2hrs. | 48 hrs. 72 hrs. | 93 hrs. | 8 days 
Time of change to blue-violet 
(in mins.) 46 30 22 22 20 
Maltose per cent. 101-8 | 101-5 | 101-5] 100-8 | 100-5 


It is thus evident that by employing soluble starch as recommended 
by Purr, it is not possible to get the correct transition point. It is, therefore, 
necessary to use amyloamylose. 


Summary. 


1. Evidence has been adduced to show that during autolysis of barley 
powder no amylokinase is formed. 


2. The increase in amylase activity on autolysis is solely due to increased 
liberation of B-amylase of barley. 
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ON THE STRUCTURE AND MECHANISM OF THE 
GASTRIC MILL IN DECAPODA. 


V. The Structure of the Gastric Mill in Natantous Macrura—Caridea. 


By S. S. PATWARDHAN, M.Sc., 
Department of Zoology, College of Science, Nagpur. 


Received March 5, 1935. 
(Communicated by Prof. M. A. Moghe, M.a., M.SC., F.Z.S.) 


71. Introduction. 


NATANTOUS MACRURA, comprising prawns and shrimps, are divided into two 
tribes: (a) Caridea and (b) Peneidea. In the tribe Caridea the gastric 
mill of the type found in other Decapoda is totally absent. In this communi- 
cation I propose to describe the foregut and the structures associated with 
it in Caridea. The structure of the foregut in Peneidea will be described in 
a subsequent communication. 

2. Material and Method. 


The material at my disposal consists of eighteen species of Caridea 
obtained chiefly from the Biological Supplies stations at Plymouth and Naples. 


Family 

Palemonide = .. Palemon malcolmsonii, M.Edw.! 
Palemonetes varians.” 
Pontonia phallusiea, Marion.’ 
Leander serratus.” 
Typton spongicola, Costa.3 
Anchistia scripta, Hell.3 
Pontophillus spinosus.? 

Crangonide .. Crangon vulgaris, Fabr.? 

Atyidee .. Caridina brachydactyla, de Mann.‘ 

Alpheidee .. Athanas nitescens, Leach.? 
Alpheus levimanus, Hell.3 

Pandalidz .. Pandalus heterocarpus, Costa.3 
Chlorotocus gracilipes, M. Edw.3 


1 Collected locally. 
2 From Plymouth. 
3 From Naples. 
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Hippolytide .. .. Hippolyte Cranchii, Leach. 
Virbius viridis, Otto.3 
Lysmata seticaudata, Risso.3 

Gnathophyllide .. .. Gnathophyllum elegans, Latr.3 

Processidz ae .. Ntka edulis, Risso.3 


The material thus represents eight families and consists of animals of 
varying sizes from small ones like Hippolyte Cranchii Leach, Caridina brachy- 
dactyla de Mann. to large ones as Palemon malcolmsonii M. Edw. ‘Two or 
three specimens of each species were examined. The foregut was completely 
removed from the body, cleaned by keeping it overnight in a weak solution of 
Caustic Potash and the softened tissues were carefully scraped off from the 
chitinous parts with a needle. For convenience of description, I give firstly 
a complete account of the foregut of Palemon malcolmsonii (H. M. Edw.) 
found abundantly in this part of India and then a comparative account of 
the foregut of the remaining types. A short account of the foregut of 
Palemon carcinus is given by Lloyd (1910). 


3. The Foregut of Palemon malcolmsonii (H. M. Edw.). 


The foregut of the prawn comprises the mouth, the buccal cavity, the 
cesophagus, the cardiac and the pyloric stomach. The mouth (Fig. 1) is a 


Fig. 1. 


transverse slit situated on the ventral side of the head and is bounded in 
front by a massive labrum (lbr.) behind by the thin bilobed labium (/bi.) 
and on the sides by the mandibles. ° The mouth leads into a short buccal 
cavity (b.c.). The latter is a narrow chamber into which project the molar 


3 From Naples, 
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processes of the mandibles (m.pr.) from the sides. The buccal cavity opens 
posteriorly and dorsally into the cesophagus (@s.). The cesophagus is a short 
wide tube which runs almost vertically upwards and opens dorsally into the 
cardiac stomach. It has a thick muscular wall which is thrown into four large 
longitudinal folds which project into its lumen. The opening between the 
cardiac stomach and the cesophagus is not guarded by special valves, but the 
lumen of the cesophagus is obliterated by the four longitudinal folds of its 
wall and this condition (Fig. 2, es.) of the lumen probably prevents regurgita- 
tion of food from the cardiac stomach into the cesophagus. The cardiac 


Fia. 2. 


stomach (Fig. 1, c.s.) is the most spacious part of the foregut. It has the 
general appearance of a bellows. Its narrow anterior part is continuous 
with the cesophagus while the rest of the stomach resembles the body of the 
bellows and forms a fairly round bulging at the posterior end. The wall 
of the cardiac stomach is thin and its internal chitinous lining is thrown into 
a number of irregular longitudinal folds. At the junction of the floor and 
the sides of the cardiac stomach, on either side, is a prominent lateral longi- 
tudinal fold (llf.) which is slightly swollen at its posterior end. These folds 
probably serve to guide the food backwards towards the cardiao-pyloric 
opening. Lying internal to these folds on the floor are the two pairs of 
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longitudinally placed chitinous ridges which may be called the external longi- 
tudinal (e.l.r.) and the internal longitudinal ridges (i.l.r.). Anteriorly the ridges 
of each pair are curved and meet along the median line, while posteriorly the 
internal longitudinal ridges are separated by a median triangular plate (m.t.p.) 
having its bifid apex pointing backwards, and the external longitudinal ridges 
are bent inwards, the bent portion of each ridge lying parallel to the side of 
the median triangular plate. The portion of the floor of the cardiac stomach 
enclosed within the internal longitudinal ridges and the median triangular 
plate form a roughly hexagonal plate, the Hastate Plate of Lloyd (1910). The 
external longitudinal ridges are fairly thick and each of them is provided with 
a single linear row of stout sete projecting horizontally over a ventral groove 
(gr.) between the external and the internal ridges of its side. This groove 
continues backwards along the sides of the median triangular plate and opens 
into the ventral chamber of the pyloric stomach. 


Dorsal to the median triangular plate, the posterior wall of the cardiac 
stomach is constricted around the cardiao-pyloric opening (Fig. 2, 0.). The 
latter is X-shaped in outline and is bounded ventrally by the median trian- 
gular plate (m.t.p.), laterally by a pair of rounded prominences (v2.)—the 
lateral valves—one on each side, and dorsally by a median semilunar or 
tongue-like fold of the wall of the cardiac stomach—the dorsal median valve 
(vl.). These four structures are covered over with short sete and act as 
valves which prevent regurgitation of food from the pyloric into the cardiac 
stomach. 


The pyloric stomach (p.s.) is a very short and narrow portion of the 
foregut. The sides of the pyloric stomach are pressed inwards to form a 
small dorsal and a large ventral chamber. ‘The floor of the latter chamber is 
pressed upwards to form the characteristic filtering apparatus (/.), ‘“gland- 
filter’’ (Jordan, 1904), present in all Decapoda. The dorsal chamber, 
“ mid-gut filter” (Jordan, 1904), forms a small cecum and then continues 
posteriorly into the midgut. The opening between these two portions of 
the gut is guarded by a fringe of elongated sete. 


4. Feeding Mechanism and Mastication of Food in P. malcolmsonii. 


Feeding mechanism of an allied prawn, Leander, has been described in 
detail by Borradaile (1917) and that of Palemon appears to be essentially 
the same. The prawn catches food generally by pincer claws, and thrusts it 
between the median cutting plates of the second maxillipeds. As the food 
is carried towards the mouth it is successively passed on through the gnatho- 
bases of the first maxillipeds, maxille and maxillule. In front of the mouth 
the incisor processes of the mandibles cut the food into suitably sized morsels 
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which are shovelled into the buccal cavity both by the incisor processes and 


the massive labrum. 


In the absence of the gastric mill in the cardiac stomach, the mandibles 
subserve the function of mastication of food in the buccal cavity before it is 
swallowed. The mandibles of P. malcolmsonii (Fig. 5, A) are very short 
and strongly calcified limbs lying on the sides of the oral aperture. 
Each mandible* consists of two portions: (a) a proximal apophysis and (0) 
a distal “head”. The apophysis is like a deep spoon. It is convex anteriorly 
and into its hollow posterior portion are inserted the muscles of the mandible. 
The head portion is heavily calcified and expands medially into a flat cutting 
plate, the incisor process (7.pr.) bearing three teeth. On its superior surface 
the incisor plate bears a stout and cylindrical molar process (m.pr.). The 
latter extends into the buccal cavity. The top of this process is covered 
over with a thick layer of deeply pigmented chitin. Anteriorly from the 
base of the incisor process, there projects a small three segmented mandibular 
palp (m.p.) covered over with long setze. The morsels of food thrust into 
the buccal cavity are caught between the opposing tops of the paired molar 
processes. Movement of these processes in the buccal cavity brings about 
mastication of food which is then swallowed and passed into the cardiac 
stomach. 


5. A Comparative Account of the Cardiac Stomach and the 
Masticatory Mechanism of the Remaining Types of Caridea. 


Mocquard (1883, 1884) has described the structure of the cardiac 
stomach in some Caridea. From the descriptions given by him in these 
cases and from the dissections made by me in these and other species of 
Caridea mentioned above (vide para 2), the cardiac stomach, excepting in 
Hippolyte, Virbius and Caridina, shows a very remarkable uniformity in 
structure. The only striking variations are the lengths of the paired 
longitudinal ridges on the floor of the cardiac stomach and the nature of the 
dorsal median valve at the cardiao-pyloric opening. The cardiac stomach 
varies in length in different types and correlated with this, is the variation 
in the lengths of the paired longitudinal ridges. Thusin Palemon, Alpheus 
Athanas, Pandalus, Crangon, Leander, Typton, Pontonia and Chlorotocus, 
the floor of the cardiac stomach is twice as long as broad and consequently 
the longitudinal ridges are longer than in the remaining types in which the 


* The heavily calcified part of the mandible, including the apophysis and the ‘head’ 
represents the pre-coxal and coxal segments of the sympod, while the proximal segment of 
the mandibular palp represents the basis and the remaining two segments, the endopod. 
(Hansen, 1925.) 
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floor is not much longer than broad. As a result of these variations in the 
lengths of the longitudinal ridges the “Hastate Plate” is either elongated 
or hastate in shape. 

The dorsal median valve is very prominent and tongue-like or semilunar 
in shape in Palemon, Alpheus, Pandalus, Palemonetes, Leander and Chlorotocus, 
while in the remaining types the fold of wall of the cardiac stomach is less 
drawn out and consequently the valve is less prominent. In the latter forms, 
the lateral valves and the median triangular plate closely approximate and 
in this condition of the valves the cardiao-pyloric opening looks like an 
inverted Y. 

The inner chitinous lining of the cardiac stomach, excepting the covering 
on the floor, is generally smooth with only a few scattered sete. The floor 
is always covered over with a velvety outgrowth of small sete. In Alpheus 
the whole of the chitinous lining of the cardiac stomach is covered over with 
short sete. In Hippolyte, Virbius, Nika, Lysmata and Caridina some of the 
setee on the wall of the cardiac stomach are elongated and form rows which 
run parallel to the length of the stomach. In Palemonide, the lateral promi- 
nences or the lateral valves are separated from the lateral longitudinal folds 
by a groove which varies in its depth in different species while in the remaining 
types examined by me the lateral folds and the lateral valves are continuous. 

Unlike the cardiac stomach, the mandibles show a number of striking 
modifications from the typical one in Palemon. In Athanas, Pandalus (Fig. 
5, B, C), Chlorotocus, Alpheus and Leander the mandible resembles the typical 
Palemon type excepting slight variations, e.g., the number of incisor teeth, 
the configurations of denticles on the top of the molar process and the size 
and shape of different segments of the mandibular palp. In Palemonetes, 
Hippolyte, Virbius (Fig. 5, D, E and F), Typton, Anchista and Pontonia the 
mandible resembles the typical Palemon type except that the palp is absent. 
In Crangon, Pontophillus (Fig. 5, H and I), Nika, Gnathophyllum and Lysmata 
the mandible presents a very characteristic and pronounced difference from 
the Palemon type: the palp and the incisor process both are totally absent 
and the mandible consists of a single, large, transversely elongated and 
cylindrical process the inner and free end of which bears a number of tall 
teeth. In all the three types of mandibles, the masticatory part of the append- 
age, namely the top of the molar process, is invariably covered over with a 
thick, deeply pigmented chitinous layer. Indeed, the molar process on the 
mandible forming a distinct long projection extending into the buccal cavity 
and having the characteristic yellow or brown pigmented chitinous covering 
on its free end is a sure indication of the fact that the mastication of food 
takes place in the buccal cavity before it is swallowed and the gastric mill is 
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totally absent. In possessing such a masticatory mechanism the Caridea 
fall into a separate group from the remaining Decapoda. 


6. The Foreguts in Hippolyte, Virbius and Caridina. 
It will be seen from the foregoing description of the cardiac stomach that 
a gastric mill is absent in Caridea, but the structure of the cardiac stomach is 
also such as is not found in the other Decapoda so far described (Patwardhan, 
1934, 35). Amongst the Caridea examined by me, however, in Hippolyte 
(also Virbius) and Caridina the structure of the cardiac stomach presents certain 
interesting features. 


Fia. 3. 


In Hippolyte (Fig. 3) the rounded prominences forming the lateral valves 
(v2) of the cardiao-pyloric opening are covered over with a group of stout, 
prominent and spine-like setae which apparently serve to triturate the pieces 
of food coming in their way during their passage into the pyloric stomach. 
Another important modification from the typical Caridean form is that unlike 
all Caridea in which the posterior and the dorsal wall of the cardiac stomach 
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is a fairly rounded bulging, the latter is depressed and slopes backwards and 
downwards in Hippolyte. The inner surface of this sloping portion, which 
represents the dorsal median valve (vl), is also covered over with a group 
of spine-like setee. 


Similar modifications, but of a more advanced character, are found in 
Caridina (Fig. 4.) Each lateral valve (v2) bears a distinct curved row of 
short, thick, deeply pigmented denticles which together form a sort of a 
lateral tooth. The depressed dorsal wall of the cardiac stomach send a 
median conical projection into the cavity of the cardiac stomach. The 
conical projection (vl) bears a median tooth at its free end. 


Correlated with the advanced character of these modifications, the mandi- 
ble and the pyloric stomach of Caridina also present certain interesting 
structures. The “head” portion of the mandible of Caridina (Fig. 5, G) 
consists of an incisor and a molar process as in Hippolyte. But what is 
interesting to note is the reduction of the height of the molar process, which 
in other Caridea forms a deep angle (Fig. 5, x) with the incisor process. 
In Caridina the molar process is represented by a short elevation bearing a 
flat deeply pigmented denticle on its top. Such a reduction in the length 
of the molar process and in an increasing degree is commonly met with in 
Peneidea (Fig. 5, J). 


In Hippolyte and Caridina the pyloric stomach (Figs. 3 and 4, p.s.) is 
rather elongated. In Hippolyte, there are paired rows of elongated sete 
which project into the cavity of the dorsal chamber and also backwards into 
the succeeding part of the alimentary canal. In Caridina there is a pair of 
elongated valves which project backward into the hind-gut, a condition not 
usually met with in Caridea. 


7. A Comparison of the Gastric Mill Region of Paleemon malcolmsonii 
and Paratelphusa guerini. 


It would be interesting to compare the gastric mill region in Paratelphusa 
guerini and the corresponding portion of the cardiac stomach in Palemon 
malcolmsonii to understand the significance of the modifications found in 
Hippolyte and Caridina (see Fig. 2 Part I, and Fig. 1). 


A comparison reveals that the lateral valves in the prawn Palemon 
correspond in position to the lateral teeth (/.t.) of the gastric mill, the dorsal 
median valve (vl) to the median tooth (m.t.) and the median triangular plate 
(m.t.p.) to the cardiao-pyloric valve (c.p.v.) of the crab Paratelphusa. From 
these corresponding positions, we may venture to guess that these structures 
ate homologous to one another. 
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The absence of the gastric mill in Caridea may be due either to the fact 
that it is primitive amongst the Decapoda and consequently the gastric mill 
is not developed at all or due to the fact that the structure of the cardiac 
stomach in Caridea has become simple due to loss of ossicles present in other 
Decapoda. Borradaile (1907) regards the Peneidea as primitive amongst the 
Decapoda and this view is now generally accepted (Calman, 1909, 1911), 
The absence of the gastric mill in Caridea can only be explained by assuming 
that it has been lost in this group. One stage in this loss is represented by 
Caridina and another by Caridea like Hippolyte and Virbius. ‘The precise 
causes which have brought about this reduction will be an interesting study. 


Summary. 


Natantous Macrura, comprising prawns and shrimps, consists of two 
tribes: (1) Caridea and (2) Peneidea. The present communication deals 
with the former tribe characterised by the absence of a gastric mill. Eighteen 
types of Caridea were examined. A complete account of the foregut of 
Palemon malcolmsonii and a comparative account of the same in the remain- 
ing types is given. 

In all the Caridea examined, the gastric mill is replaced by a set of four 


valves: a pair of lateral, a median dorsal and a median ventral triangular 
plate around the cardiao-pyloric opening. 


In the absence of the gastric mill, the mandibles are provided with strong 
molar processes which project into the buccal cavity and masticate the food 
before it is swallowed and passed into the cardiac stomach. 


In Hippolyte the lateral valves are covered over with thick and spine-like 
sete and the dorsal and the posterior wall of the cardiac stomach overlying 


these valves slopes backwards and downwards and bears on its inner surface 
similar setze. 


In Caridina each lateral valve bears a row of thick, stout spines giving 
it an appearance of a lateral tooth, while the dorsal wall sends down a median 
conical projection into the cardiac stomach which bears a median curved 
tooth. Correlated with these modifications, is the reduction of the molar 
process of the mandible. 


A comparison of the gastric mill of the crab and these valves indicate 
that the lateral valves, the dorsal median valve and the median ventral tri- 
angular plate are possible homologues of the lateral and the dorsal median 
teeth and the cardiao-pyloric valve respectively. 

The simple structure of the cardiac stomach in Caridea is due to loss of 
gastric mill and the condition of the cardiac stomach found in Hippolyte, 
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Virbius and Caridina represents stages in the reduction of the gastric mill 
found in the primitive Decapoda—Peneidea. 
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EXPLANATION OF FIGURES. 


1.—Vertical longitudinal section of the foregut of Palemon malcolmsonii M. Edw. 
passing through the median plane. 


2.—Floor and ventral half of the posterior wall of the cardiac stomach of Palemon 
malcolmsonii M. Edw. Dorsal view. 


3.—Vertical longitudinal section of the foregut of Hippolyte Cranchii Leach, passing 
through the median plane. 


4.—Vertical longitudinal section of the foregut of Caridina brachydactyla de Mann, 
passing through the median plane. 


5.—The mandible of— 


Palamon malcolmsonii. 
Athanas nitescens. 
Pandalus heterocarpus. 
Palamonetes varians. 
Hippolyte Cranchii. 
Virbius viridis. 
Caridina brachydactyla. 
Crangon vulgaris. 
Ponotophillus spinosus. 
Peneus indicus. 


REFERENCE LETTERS. 


. Buccal cavity. m.p. 
. Circular plate. m.pr. 
Cardiac stomach. m.t.p. 
. External longitudinal 0. 
ridges. 
Filter. @s. 
Groove. b.s. 
.. Internal longitudinal v1. 
ridges. v2. 
. Incisor process. 
. Labium. 
Labrum. 


. Lateral longitudinal fold. 


. Mandibular palp. 


. Molar process. 


Median triangular plate. 


. Cardiao-pyloric opening. 


. Oesophagus. 


Pyloric stomach. 


Dorsal median valve. 


. Lateral valve. 
. Angle between the in- 


cisor and the molar 


process. 
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ON A TOXOPLASMID OF FUL/CA ATRA L. WITH 
SPECIAL REFERENCE TO A PROBABLE SEXUALITY OF 
AGAMETES. 


By Cor. I. FromANO DE MELLO 
(Nova-Goa). 


Received April 6, 1935. 


AmoncG five specimens shot at the lakes of Carambolim and Taleigio and 
identified by Prof. Narayan Rao from Bangalore, only one showed an inter- 


esting Toxoplasmid which will be registered under the name Toxoplasma 
fulice sp. n. 


The first parasites of this type in birds have been described and well 
figured by Beaurepaire Aragdo! in 1911. Before them Laveran (1909) 
and Adie (1909) have described similar types in sparrow and in Padda 
orizivora but we were not able to read their papers. Aragao says only that 
they do not classify them as hemogregarines and proposes the names H. adiei 
and H. padd@. Some remarks from Aragao should be quoted as an important 
contribution to the study of such parasites: they must be sought for in the 
blood and specially in internal organs where they can be found even if the 
blood is quite free. Lung smears show abundantly the parasites in the interior 
of the leucocytes ; the schizogonic stages are found frequently in the epithelial 
cells of the intestine, liver, more rarely in lungs and bone marrow; stained 
by Giemsa the protoplasm is light blue having sometimes red granules ; the 
nucleus is constituted by chromatinic masses with a bright red tone, generally 
disposed very irregularly. The protoplasm of the host cell is rapidly invaded 
by the parasite, and its nucleus hypertrophied, displaced to the periphery, 
the membrane which at first limits the parasite disappears and numerous 
and irregular corpuscles fill the whole host cell protoplasm. The schizogony 
occurs under the form of fragmentation of the protoplasmic mass in number- 
less small merozoites. Aragao had not noticed any morphological or tinctorial 
differences suggesting the hypothesis of sexuality. The species described 
by Aragao were H. atticore, ramphoceli, psoroaria, sporophile, tanagre, 
sicalidis, brachyspize, all of them having the same general aspect. 

We find in No6ller? that Toxoplasma columbe Yakimoff and Kohl Yaki- 
moff (1912) was probably the second record of this kind in birds. Found by 
Carini in Columba livia in Brazil, firstly identified with the Toxoplasm of dogs 
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and rabbits (denen es morphologisch gleicht und die auf Tauben ibertragbar 
sind’, later on (1911) found as a spontaneous parasite of pigeons, to which 
Yakimoff and Kohl Yakimoff gave a specific name, Toxoplasma columbe. 

In India I found a parasite in the monocytes of pigeons, which I 
named Leucocytogregarina france, identified by others as belonging probably 
to Toxoplasma columba.3 It is quite possible, although I have not been 
able to read the original paper by Carini or by the Russian authors. I recorded 
schizogony in hepatic cells, more rarely in peripheral blood and bone marrow 
and at the same time a definite binary division where rudimentary kario- 
kinetic figures could be demonstrated. _ 

Concerning the nature of the parasites described by Aragdo we find in 
Wenyon’s Protozoology: ‘‘Hoare, who has described a typical leucocytic 
hemogregarine (H. adie) from an Indian eagle, has examined Aragio’s 
description and finds that in all probability five of the birds actually harboured 
hzemogregarines, but that in two (Sporophila albigularis and Sicalis flaveola) 
the parasites were toxoplasmata’”’ (p. 1042). 

Later on (p. 1086) Wenyon states: ‘“‘Aragao described a number of 
heemogregarines from South American birds. It has been assumed by Ndller 
and others that he was really dealing with toxoplasmata. ‘The discovery by 
Adie of an undoubted hemogregarine in an Indian eagle led Hoare to study 
Aragao’s paper. It was found that Aragio was probably dealing with two 
distinct types of parasite—toxoplasmata in two birds and hzemogregarines 
in five. The parasite of the Indian eagle which was named Hepatozoon adiei, 
closely resembles the leucocytic parasites of the dog, rat and other animals 
and it is probable that in five of his birds Aragfo was dealing with a similar 
organism.” 

In page 1095 Wenyon describes Hepatozoon adiei Hoare, 1924, points out 

that Fantham under the name Leucocytogregarina amadine described a Hepato- 
zoon of Amadina erythrocephala and “assuming that the parasites which 
Aragio discovered in five South American birds belonged to the same genus”, 
states the following additional species: atticore, ramphoceli, psoroaria, 
tanagre, brachispize. 
Studying carefully the paper of Aragio I hardly believe that there are 
two kinds of parasites among his hemogregarines. If in H. sicalidis and 
sporophile many schizogonic figures are given, in H. brachispizae too his Fig. 
76 states an undoubted schizogony, although not so complete and 
advanced asin the former. Weare convinced that all the birds of Aragio 
harbour the same kind of parasites and whatever be their generic classi- 
fication, the parasite of Fulica atra we are dealing with belongs to the same 
type. 
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The name Leucocytogregarina having been rejected, it is nowadays 
generally accepted that such parasites should be classified in the genus Toxo- 
plasma Nicolle & Manceaux 1908, despite the type species T. gondii N. and M. 
being highly pathogenic for many animals and showing a so-called paranuclear 
body which is not noticed in the bird parasites. 


If the systematic position of the genus Toxoplasma is doubtful, more 
doubtful still is that of the bird parasites related to this genus: haemogre- 
gatines (Aragdo), toxoplasma (Marulaz). Ndoller, while accepting them as 
probable toxoplasmata, makes another hypothesis, after the studies of Mayer 
on the toxoplasm found in the spleen and liver of Chrysomitris spinus L. : 
that they may be merozoites of Coccidia inhabiting the intestine of this bird 
which was infected by male and female gametocytes of Eimeria type and 
also by schizonts. The latter occurred in the subepithelial tissues, together 
with merozoites and were also traced in the lymphatics going to the liver. 
So, it is not improbable that the forms seen in the liver and spleen were in 
teality merozoites of the intestinal organism. 

* 
* * 

Indeed, I have not the pretension to solve up the different problems 
connected with the life cycle or with the systematic position of the Toxo- 
plasmata. Unhappily the material at my disposal was only stained in dried 
smears by Romanowsky and, when the Toxoplasm was found, it was too 
late to make sections of the organs. New birds were shot, but they were 
free from infection. In any case, two important points, derived from this 
study, are worthy of consideration. 


(1) The intestinal contents of this bird, duly examined, either in hang- 
ing drop or in wet fixed smears stained by iron Heidenhain’s hematoxylin 
did not show any Coccidian parasite. So the hypothesis of Noller cannot 
be accepted in this case. 


(2) Secondly the parasites show tinctorial reactions strongly suggesting 
a sexuality of schizonts. This sexuality seems to continue yet in the products 
of the division of the schizonts, or the merozoites. 


This sexual dimorphism is here affirmed basing our observations only 
in the tinctorial reactions, of the protoplasm and, to a certain extent, in 
the constitution of the nucleus. Cytological methods could not unhappily 
be employed. 

Such a process of sexuality in agametes has been only described by 
Schaudinn in Cyclospora caryolitica : two types of schizonts, one large and 
composed of hyaline cytoplasm and the other small and of denser cytoplasm. 
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The merozoites provenient of these schizonts show also a differentiation, the 
one being clear and stumpy, the others longer and more opaque and re- 
produce, when grown up, the same type from which they derived. When 
sporogony occurs, the hyaline merozoites become microgametocytes, while 
the long dense ones change into macrogametocytes. 

These statements of Schaudinn have been received with scepticism by 
Reichenow who believes, that the two lines of schizogony may represent a 
double infection with two different coccidia or that the two types of schizogony 
merely represent variations in the ordinary schizogonic process. 


As far as concerns our parasite we can affirm that we are not dealing with 
two parasites but with two phases of the same parasite. Nothing more can be 
stated for the present. May we hope that further work will throw some light 
not only in this interesting sexual process, but still in the nature of this 
Toxoplasm which gives so strong suggestions for its inclusion in the order 
of Coccidiide, closely allied to the family Cyclosporine. 

* 
* * 

After these remarks we will describe the parasite. Found only in the 
lung smears and not at all in the blood or in other organ smears. Seen either 
on free stage or included in endothelial cells and in mononuclears. Never 
invading the nucleus of the host cell. In its young intracellular stages ovoid, 
fusiform or falciform. Later on, when grown up, large ovoid, specially in 
male forms, occupying the most part of the cell protoplasm. 

Two kinds of forms are at once distinguished : the one with the proto- 
plasm stained dark blue and the nucleus as a compact violet chromatic dot, 
sometimes vacuolated, and surrounded by a white halo, evident sign of a 
vacuole where this nucleus is lodged; the other with the protoplasm light 
violet, rather rosy, the nucleus either compact or vacuolated, sometimes consti- 
tuted by an irregular spirematic thread, never showing around the conspicuous 
vacuole of the precedent forms. We interpret the first ones as female and 
the latter as male schizonts. 

The process of multiplication is a repeated binary division. In the 
figure which illustrates this note all the stages of this division are depicted. 

Moreover these intracellular parasites free schizonts are also seen. They 
keep the same characters of sexuality described above. The nucleus of the 
males shows sometimes a not very distinct vacuole, its constitution is more 
or less spirematic, the schizogonic figures are of the same repeated binary 
division. And what is yet more interesting is that the minute merozoites, 
provenient from this division show the protoplasm of the same type as of 
their parent schizonts: the one dark blue, the other light rosy violet. 
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We do not think that this parasite is similar to the Toxoplasma gondii 
neither to our Toxoplasma France from the pigeon. But being unable to 
classify it more properly and convinced that it belongs to the same type as 
the parasites of Aragao, we include it provisorily in the genus Toxoplasma 
as Toxoplasma fulice n. sp. 
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FURTHER OBSERVATIONS ON RA/JMAHALIA 
PARADOXA. 


By B. Saunt, D.Sc., Sc.D., F.A.S.B., F.G.S., 
AND 
A. R. Rao, M.Sc., 
Department of Botany, University of Lucknow. 


Received April 8, 1935. 


UNDER the name Rajmahalia paradoxa (Sahni and Rao, 1934, p. 264) we 
recently described a peculiar plant impression from an unknown locality 
in the Rajmahal Hills. Although we were very much in the dark about the 
affinities of the fossil, we provisionally regarded it as a Bennettitalean fructi- 
fication. Since that paper was communicated we have examined the fossil 
more critically, partly in the light of suggestions received from Prof. Seward. 
While the Bennettitalean affinity now seems to be beyond doubt we have 
been led to revise considerably our interpretation of the structure. We 
therefore feel that the fossil deserves a fuller description with more detailed 
figures than those originally published. We take this opportunity of re- 
cording our very sincere thanks to Prof. Seward for his valued suggestions. 


The fossil consists of a rhomboid funnel-shaped impression, with a 
central patch of similar shape covered by a number of round and polygonal 
areas (Fig. 1). These areas could be either the impressions left by the ovules 
and interseminal scales themselves or they could be the scars left on a re- 
ceptacle after these organs had fallen. A few larger areas of a roughly 
polygonal shape (indicated by an arrow in Fig. 1) are seen on the border 
of the funnel which we had previously interpreted as a hypogynous disc. 
As regards the smaller areas in the central group we now agree with 
Prof. Seward that they are the impressions left on a yielding surface 
by the ovules and interseminal scales themselves. This view seems to be 
supported by the eularged photograph (Fig. 2); but we must point out that 
although this figure shows the ovules as raised objects, in the actual speci- 
men the relief is the reverse of that seen here: the round areas are depres- 
sions with a raised margin like the crater of avolcano. The reader has only 
to turn this figure upside down to obtain a view of the actual appearance of 
the fossil (Figs. 3-5). If the above interpretation is correct, the rhomboid 
central group of round and polygonal areas would represent a seed-bearing 
receptacle of a Bennettitalean flower. Each round or elliptic scar would 
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then be the impression of a vertically or obliquely pressed ovule, and not a 
scar left by a detached ovule or its stalk as we had originally suggested ; 
and the minute central pit in each area would mark the position of the 
micropyle, not the vascular supply of the ovule or ovuliferous stalk. But 
even so the receptacle of Rajmahalia must belong to an unusual type of 
fossil cycad: firstly, in its rhomboid shape which is unique ; and secondly, 
because the ovules were much more exposed to view than in most other 
Bennettitales, where only the micropyles are seen peeping out between 
the polygonal heads of the scales. This latter fact would explain the rela- 
tively large size of the round areas: they represent the entire shoulders 
of the ovules, not merely their micropyles; the micropyles are the minute 
central dots seen as pits in the actual fossil (Figs. 1, 3-5), as raised points 
in Fig. 2. It will also be noticed that in the best preserved parts of the 
receptacle there is usually one polygonal scale to each ovule; further, that 
the greater part of the scale always lies on the outer (centrifugal) side, par- 
tially surrounding the ovule itself (Figs. 4, 5). At one or two places.an ovule 
seems to be almost completely surrounded by a polygonal area (Fig. 4) but 
the portion of the area on the centrifugal side is considerably greater than 
on the other sides. In certain other cases there seem to be two such areas 
surrounding an ovule. May it be that this tendency on the part of the scales 
to enclose the ovules represents the first step in the derivation of a closed carpel 
of the angiosperm type ? 

The above interpretation of the fossil is explained in the diagram in 
Plate LXVIII, Fig. 6 from which it will be seen that the broad distal ends of 
the ovules were flat or slightly concave (as in Encephalartos) with the micro- 
pyle projecting as a minute point from the middle (see Fig. 2 or turn Figs. 
3, 4, 5 upside down). At first a comparison is suggested with Bennetti- 
carpus crossospermus Harris (1932, p. 113, Fig. 50, C) where the micropyle 
is seen projecting from the much enlarged and flattened distal end of a cupule 
or “‘micropylar plate’. But, as a closer examination shows, there is no 
cupular investment here: the organs which more or less completely sur- 
round the ovules must be the interseminal scales themselves, and the circular 
areas round the micropyles can only be the flat or slightly concave distal 
ends of the ovules. 

So much for the receptacle. Now as regards the broad funnel-shaped 
organ in which the receptacle appears to lie. We had provisionally regarded 
this as an unusually large hypogynous disc left after the shedding of a deci- 
duous ‘“andreecium’’. The real nature of this organ is still unknown, but 
we are now inclined to. believe that the position was just the reverse: that 
the large rhomboid structure is itself a deciduous organ in the form of an 
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inverted funnel or cap (possibly the fused-up basal part of an andrcecium), 
seen from its lower side; the central group of round and polygonal areas 
would thus be the impression left upon the inner surface of the cap by a 
receptacle once pressed against it but now no longer preserved. The 
well-defined margin of this organ does suggest a deciduous nature. 


In the light of this view the large vaguely polygonal areas seen along 
the border of the funnel (arrow, I'ig. 1) may be explained as the impressions 
left by the expanded ends of some of the large obliquely placed scales on 
the lower (proximal) side of the receptacle, where ovules may well have been 
absent. Owing to the oblique position in which the funnel was pressed 
down the large polygonal areas along the border are much more clearly pre- 
served on one side than on the other, and the same is the case with the central 
group of areas. 


Of actual microsporangia there is, of course, no trace. The funnel 
narrows upwards to a hole only a millimetre in diameter, in which we can 
see no special features such as would throw light upon the nature of this 
organ. To section the fossil in the hope of obtaining further information 
seems inadvisable ; it is better to wait for the discovery of further material 
than to risk the only specimen available. 

A point on which Prof. Seward’s remarks have been of special value 
is the nature of the rough surface of the funnel-like organ. As he suggests, 
this appearance may be due to the presence of a dense ramentum such as 
is frequently seen in other Bennettitalean flowers. The enlarged photographs 
(Fig. 3 and especially Fig. 5) now reproduced seem to go entirely 
in support of this view. 

This new interpretation of Rajmahalia, then, regards the fossil as an 
inverted funnel or ‘cap’ over the receptacle, rather than a ‘saucer’ or ‘salver’ 
in which the receptacle was placed. The comparison with Dorstenia breaks 
down completely, even as a distant analogy. 


Summary. 


Our revised interpretation of Rajmahalia regards it as an inverted funnel- 

like organ (possibly part of a deciduous androecium) fallen from the top of 
a Bennettitalean receptacle and bearing on its inner surface the impress 
of the seeds and interseminal scales once pressed against it, but now no longer 
preserved. 
Roughly there are as many scales as ovules, and each scale more or less 
completely envelopes an ovule, especially on its outer (centrifugal) side. 
This may suggest an early stage in the formation of a closed carpel of the 
angiospermous type. 
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EXPLANATION OF PLATES. 
(The photographs are all from untouched negatives.) 

1.—Rajmahalia paradoxa. 1. 

2.—Rajmahalia paradoxa. Enlarged photograph of same (mounted upside down). >< 2. 

3.—Rajmahalia paradoxa. 3%. 

4.—Rajmahalia paradoxa. Central part. A few of the ovules seem to be completely 
surrounded by scales. x 9. 

5.—Rajmahalia paradoxa. Peripheral part. x 9. 

6.—Diagram to illustrate the way in which the surface features of the fossil may have 
been produced by the pressure of ovules (ov.) and interseminal scales (i.s.) 
upon the soft inner surface of the funnel-like organ covering the receptacle. The 
ovules and scales in the upper part of the figure are roughly drawn from nature 
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EARLY DEVELOPMENT AND METAMORPHOSIS OF THE 
“TROPICAL ECHINOID SALMACI/S BICOLOR, AGASSIZ. 


By R. GopaLa Aryar, M.A., M.Sc., 
The University Zoological Research Laboratory, Madras. 


Received March 15, 1935. 


Not much is known about the development of Temnopleurids. Mortensen 
(1921) describes the larvae of Temnopleurus toreumaticus, Temnoptrema 
sculpta, Mespilia globulus and the Echinopluteus larve of three other unidenti- 
fied species of Temnopleurids. The full development has not been traced in 
any one of these forms. Tennent (1929) gives an account of the very early 
stages for Salmacis virgulata Alexandri. ‘The anatomy of Salmacis bicolor 
has been fully worked out and in writing a monograph! on it as a type for 
Indian students it was considered very desirable to incorporate the develop- 
ment of the animal as far as possible. It was therefore decided to rear the 
form from artificially fertilized eggs. Fertilizations were carried out in Feb- 
ruary last. The animals were collected from the Madras Harbour, washed 
in clean sea water, and small quantities of testis and ovary were removed 
with sterilized instruments. Glass vessels containing sea water brought 
from about three miles from the shore were kept ready. Over each vessel 
a piece of silk just dipping into the water was tied through which the sex 
elements easily passed. Care was taken not to put too many eggs in the 
vessels as otherwise putrefaction sets in rapidly and development stops. 


After fertilization the surface water was replaced by fresh sea water. 
When the embryos float up, the top water was carefully removed and the 
larve distributed over a large number of jars containing fresh sea water 
filtered through mull cloth. Every day the surface sea water was removed 
by means of a funnel and a rubber tube with a piece of bolting silk tied 
round the mouth of the funnel. Clean fresh sea water without any of the 
bigger organisms likely to feed on the larve was added. The vessels 
were now kept in flat lead lined trays containing three inches of tap water 
and by wrapping thin wet cloth round the jars the temperature was main- 
tained at about 25°C. The fact that slight changes in the environmental 
medium might produce considerable changes in the larval development 
was kept in mind and only healthy larve were picked out and examined. 


1 In course of publication. 
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Now and then, developing larve were carefully removed to new jars con- 
taining clean sea water. Algze developed only in the later stages and 
were fed upon by the growing urchins and it has been quite possible to 
keep the cultures going for several months. Many growing Salmacis are 
still living and are a year old. Broken shells and minute debris in the sea 
water were givento them after metamorphosis. Many of them have the 
habit of crawling up to the surface feeding on the way and once at the top 
they gently turn over and drop to the bottom and once again commence 
climbing up. Most of the urchins have continued to be healthy. Three 
specimens became sickly and lost their spines—a common phenomenon 
under natural conditions—and were destroyed. 


Material and Methods. 

The larvee were studied mostly in the living condition as also from whole 
mounts. Further they were fixed in Bouin-Duboscq and sectioned by the 
double embedding method. The stain commonly used was Delafield’s 
Hematoxylin. 

The development of Salmacis bicolor conforms in all essential particulars 
with the development of Echinus esculentus and E. miliaris described by 
MacBride (1903). It is therefore proposed to give here only an outline of 
development of this tropical form. Before doing so a resumé of the more 


important events in the order of their occurrence after fertilization may 
not be out of place. 


Blastula .. 8 Hours. 

Gastrula .. 23 Hours. 

Pluteus da .. 2 Days. 


Appearance of red pigment and amnion. Clear in- 
dication of the post-oral and antero-lateral arms. 
Meeting of stomodzeum with cesophagus. Forma- 
tion of the right and left cceloms. Minute appear- 


ance of preoral arms .. ee ice .. 3 Days. 
The pore canal and water pore become visible .. 4 Days. 
The cceloms enlarge. Differentiation of the left 


hydrocel .. ..  5th—6th Day. 
Development of the postero-dorsal arms .. ..  %th—8th Day. 
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The dorsal arch appears om .. 8th Day. 
Rapid ai of the postero-dorsal arms ~~ the 
dorsal arch . .. 9%th—10th Day. 


Posterior transverse rod appears. Anterior ciliated 
epaulettes appear and the formation of the larval 
skeleton is completed. Pre-oral arms grow 


rapidly .. 12th—13th Day. 
Formation of the first pedicellaria “é .. 13th—14th Day. 
Enlargement of the amnion ie i .. 15th—16th Day. 
Rapid growth of the Echinus rudiment .. -- 16th—19th Day. 
Metamorphosis ‘is .. 23rd—24th Day. 
Formation of the second coil of the alimentary canal 24th—36th Day. 
Development of the adult mouth ais .. 384th—36th Day. 
Young urchin 4-5 mm. in diameter. Immature. 

The adult anus opens a ae .. 3 Months. 
Urchin 13 mm. in diameter. Immature .. .. 6 Months. 
Urchin. 16 mm. across. Immature .. 12 Months. 


Early Development. 


The eggs are small being 0-1 mm. in size and rather opaque. They 
sink slowly to the bottom. Fertilization was effected soon and the fertili- 
zation membrane separates off but stands very little away from the surface 
of the egg. The two-celled stage is reached in 10 minutes and the four-celled 
in 1 hour and 30 minutes. It cannot be said that the rate of development 
is the same for all the individuals of a culture. Tor purposes of this study 
the biggest individuals alone were picked out and examined. The 8-celled 
stage is reached in 1 hour and 50 minutes and now four of the blastomeres 
are smaller than the other four. The 16-celled condition is attained in 2 
hours and 10 minutes and a central cavity becomes visible. 


The 32- and 64-celled stages are soon over and in about 8 hours the multi- 
cellular blastula stage is reached (Fig. 1). The cells on one side are slightly 
more columnar than those on the other. This pole is the blastoporal end. 
Soon gastrulation commences and is indicated by a few of the cells from this 
pole pushing themselves inwards. This becomes an actual invagination 
and in this way a narrow archenteron is formed. This grows forwards 
rapidly, almost to the anterior end and the process is completed in about 
23 hours. While invagination is taking place other changes are in evidence. 
Mesenchyme cells pass from the outer layer inwards in places and establish 
a connection with the archenteron. The beginnings of the larval skeleton 
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are laid down in the form of two triradiate spicules (Fig. 2). Each spicule 
lies on one side of the archenteron in amongst a group of mesenchyme cells, 
by which they are actually formed. The occurrence of these two primary 
spicules is the first indication of the bilateral symmetry which is so charac- 
teristic of the pluteus larva. A thickening takes place at the anterior end 
of the archenteron. This is the commencement of the formation of the 
celom. This reveals itself in the form of a bag, the anterior celom. A 
stomodzeum now begins to be formed in the form of a shallow pit but does 
not as yet establish connection with the anterior end of the archenteron. 
Towards the close of the second day after insemination the larva has defi- 
nitely assumed the pluteus form. The post-oral arms are the first to appear 
and the oral lobe has become well established. The stomodzeum now fuses 
with the archenteron and the ccelom divides into right and left moities. The 
skeleton (Fig. 4) now consists of the fenestrated rods supporting the newly 
formed post-oral arms. Body rods are well formed and are thorny while 
at their lower ends they are produced into antler-like projections. From the 
junction of the arm-branch and the body rod on each side is given off a com- 
paratively slender rod which first projects inwards and then sharply turns 
outwards, running to the outer corner of the front edge of the oral lobe from 
which the antero-lateral arms will soon arise. These rods, the antero-lateral 
rods, are slender and are comparatively smooth, carrying a few blunt spines 
only. 

The body rods are different in form from those figured by Tennent (1929) 
for Salmacis virgulata Alexandri in being less thorny. 


On the third day reddish pigment granules appear and the cesophagus 
shows definite signs of muscular contraction (Fig. 7). Two pairs of arms 
are now present, the post-oral and the antero-lateral. The stomodzeum is 
fully established and the oral lobe is extending forwards. The larva has 
become humped and the alimentary canal now consists of cesophagus, stomach 
and a short intestine. The adoral band of cilia is developed in addition to 
the longitudinal ciliated band. 


Three days old larve clearly show the left and right cceloms as strands 
of cells stretching from the side of the cesophagus obliquely backwards 
(Fig. 6). As yet no cavity is discernible in the strands of cells. The portion 
of the ciliated band running in front is thickened and provided with slightly 
stronger cilia. Numerous amcebocytes loaded with pigment have appeared. 
The larva now corresponds to the stage figured by MacBride (1903) Pl. VII, 
Fig. 4. Minute indications of the future pre-oral arms have made their 
appearance (Fig. 6). The early appearance of these arms, which are destined 
to show themselves more fully only very late, is characteristic. Towards 
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the close of the third day the ventral transverse rods have become more 
spiny at their tips. Recurrent rods have become well developed and are 
becoming spiny. A branch is seen from the base of each. Now the left 
celom is definitely the larger. During the course of development it was 
noticed as was done by Shearer, Morgan and Fuchs (1914) that the rate of 
development varies within wide limits even in the same culture. 


The ectodermal invagination, the amnion, which arises and becomes 
marked out during the 12, 13 and 14th days in Echinus esculentus appears 
in the present form in the shape of a rod of cells on the left side and could 
be seen slightly prior to the 3rd day of development. This soon separates 
from the ectoderm during the 3rd and 4th days and becomes converted into 
a closed vesicle. It is placed slightly in advance of the place which is to be 
occupied by the hydroccelic ring at about the 10th day. 


In Echinus the ‘‘amnion”’ arises as an open ectodermal pit which later 
becomes closed and so gets converted into the amnion. In Peronella Lesueri, 
Mortensen (1921) has shown that the amnion arises as posterior prolongations 
of the pharynx and in Salmacis bicolor it arises as a solid structure in which 
a cavity appears later. 


The coelomic sacs have grown large and a distinct space could be seen 
in both. The left anterior coelom has further given rise to.an ampulla. As 
yet there is no thinning out to form the stone canal. 


The pore canal is seen to start slightly in front of the expansion of the 


hydroceel, bends upwards and inwards and opens on the upper surface just 
above the junction of the gullet and stomach. 


5th—12th Day.—On the fifth day the commencement of the support- 


ing rod of the postero-dorsal arms can be seen and by the beginning of the 
next day the rods have clearly the character of short bladed swords. It is 
during this day that the left ccelom definitely elongates. The pore canal 
is formed and the madreporic pore is now visible and the left hydroccel is 
clearly laid down. Fig. 9 shows the condition of the ccelom on the left 
side on the 6th day. The amnion has increased in size, the hydroccel is fully 
formed and the stone canal is quite clear in front of the hydroccel. The 
posterior coelom has extended backwards but the two layers are in contact 
throughout their extent. The right anterior ccelom does not show all the 
divisions mentioned for the left. It has however given rise to the madreporic 
vesicle. Metschnikoff (1869) described for a corresponding stage in Echinus 
microtuberculatus a pulsating vesicle (the madreporic vesicle) near the water 
pore and thought it to be in connection with the anterior celom. Bury 
(1889) describes a similar vesicle but considers it to be independent, having a 
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schizoceelic origin. Gemmil (1919) has described a pulsating vesicle in young 
Ophiuroids and Murti (1932) states that he observed pulsations in Echinus 
miliaris and in the young of Ophiocoma. Several larve of Salmacis were 
examined with a view to find out if such pulsations occur, but without 
success. Dr. Murti who happened to be here and who examined living larvee 
of Salmacis bicolor could not notice any such pulsations. 


The postero-dorsal arms have clearly shown themselves and grow rapidly 
during the 7th and 8th days. Early in the 8th day a rudiment of the dorsal 
arch makes its appearance and by the close of the day has become arched 
and a median process has been formed (Fig. 11). ‘Two arms of the Y-shaped 
structure grow and during the course of the day project into the minute 
elevations which will soon be drawn into the pre-oral arms. 


The condition of the coelom on the 10th day of development is shown 
in Fig. 13. The two anterior cceloms are very clear. The posterior coeloms 
are larger and are still separate not having met behind. 


After its formation the hydroccel moves backwards along the wall of the 
stomach and reaches the middle of that organ. The anterior end of the 
posterior coelom now grows in front in the form of two arms, finally fusing 
in front. 


12th to 15th Day.—The larva is provided with three pairs of well deve- 
loped arms and keeps swimming constantly with the arms directed upwards. 
Now a rapid basal broadening of the arms, especially of the post-oral and 
postero-dorsal, takes place so that they are definite leaf-like structures, as 


‘ has been noted also for Mespilia globulus. ‘They are not inactive but are 


capable of a great deal of movement. They can close on the central part 
and open out and they do this pretty frequently though not rhythmically. 
As seems to be the case in Echinopluteus transversus first supposed to be a 
Cidaroid larva by Mortensen (1921) and later referred by him to Diadema 
setosum (1931) a well-developed muscular system is present. Indications 
of the posterior transverse rod appear now and its development is fairly 
advanced by the 13th day. The pre-oral arms grow rapidly and their full 
length is reached by the end of the 13th day, and their skeletal supports 
keep closely with their growth. The larve have grown comparatively heavy 
and it is becoming increasingly difficult for them to keep afloat. Now the 
anterior ciliated epaulettes begin to appear on the 12th day and complete 
separation from the main band has taken place by the end of 13th. All arms 
are broad at base and could be seen to open and shut. There is a remarkable 
similarity between this stage and the 15th day larva of Mespilia globulus, 
figured by Mortensen (1921). The median rod of the dorsal arch has 
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extended considerably backwards and two side branches could be seen. By 
the 13th day the development of the larval skeleton may be said to be com- 
plete. Text-Fig. 1 shows the final condition of the skeleton as it exists in 
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Text-Fia. 1, 


the 13-day old larva. The dorsal arch is fully developed. The median 
process is long and slightly bent, and bears no thorns. There are well-deve- 
loped lateral processes and these carry two or three minute horns. The 
posterior transverse rod has become well developed and on each side there 
are two branches, one simple and going upwards obliquely, and the other, 
the lower one soon bifurcates into two antler-like branches. The post-oral 
and the postero-dorsal rods are, as usual, finely fenestrated and are thorny. 
The antero-lateral rods are slender and are covered by minute, rather blunt, 
spinous processes. The pre-oral rods into which the dorsal arch is conti- 
nued are more or less smooth. It must however be stated that even before 
this stage is reached a certain absorption of the skeleton has been going on. 
The body rods have become less prominent and many of their spines have 
disappeared. The recurrent rods have also vanished. After the 14th day 
very little change takes place in skeleton formation except that the posterior 
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median branch of the dorsal arch seems to grow a little longer and the pre- 
oral rods give off just beyond their origin a single branch on each side. Pos- 
terior lateral earlike processes have commenced to form. 

The fully formed larval skeleton shows great similarity with that figured 
by Mortensen (1921) for his “‘Temnopleurid larve species a’’ taken from 
Jolo. His larva undoubtedly belongs to Salmacis as Tennent (1929) has 
already suggested. But there are certain differences in the details of the 
skeleton between the two forms under comparison, so that it becomes im- 
possible to consider his “‘Temnopleurid species a’’ as belonging to Salmacis 
bicolor. It would be interesting to know if the latter is common near Misaki 
on the Japanese coast where Mortensen collected the plankton material from 
which he picked out his Temnopleurid larve. 


Just after the completion of the formation of the ciliated epaulettes 
the beginnings of the first pedicellaria can be seen at the hind end. At 
first it is a mere knot in which a large number of mesodermal cells accumu- 
late. In a few hours this structure shows division into three parts, each 
being a jaw. Very soon, before the end of the 13th day and in some cultures 
on the 14th day, the Ophiocephalus type stands revealed. During the course 
of development two larve were noticed to have developed a double hydro- 
cel. A microphotograph of this is given. Such abnormal larve have been 
noticed by others also in other forms. 


Text-Fia. 2. 


Further development and metamorphosis.—On the 15th day the larva has 
not changed much though the hydroccel ring has grown a little larger and the 
amnion rudiment bigger. Groups of mesodermal cells are seen collecting on 
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either side of the already formed pedicellariz. The larve feed voraciously and 
are very active. Even large-sized Coscinodiscus are swallowed with ease. 

By the 19th day the second and the third pedicellarie are very clear 
in relation with the first formed pedicellaria and a rudiment of the fourth 
could be seen on the right side. All the four pedicellariz are of the Ophio- 
cephalus type. During 15-19 days ear-shaped postero-lateral processes 
supported by branches from the post-transverse rod have become well deve- 
loped and have become prominent. The left side commences to bulge out 
considerably, the stomach being pushed to the right. In the absorption of 
the arms no regular order can be traced. Sometimes the reduction - seems 
to be more pronounced in the post-oral arms, sometimes the postero-dorsal. 
It may however generally be stated that the first formed arms go first to 
be followed by the later formed arms. Some of the arms show gradual dimi- 
nution in length as a sign of the approaching metamorphosis. In this respect 
there is great variation, some larve showing more rapid shortening of the 
arms than the others. Fig. 17 shows the parts on the left side when the 
larva is 21 days old and is very similar to the Fig. 43, Plate XII, given by 
MacBride (1903) for Echinus esculentus 30 days old. The amnion has become 
spacious and several tentacles project into it. Nerve fibrils can be seen 
just above the dental sac and the epineural spaces are fully established. It 
is interesting to note that in the figures given by MacBride the inner layer 
of the ccelom is always separated by jelly from the alimentary wall, but here 
there is no jelly and the layer closely adheres to the wall of the digestive 
tract. The hydroceelic ring has sent out primary tentacles which could 
easily be seen in entire specimens as also in sections. Some of them are 
provided with suckers also. Yellow pigment bodies are found in considerable 
numbers in relation with the postero-dorsal and post-oral arms. They seem 
to surround the skeletal rods of these arms and especially accumulate around 
the tips of the arm rods and probably are the cause of their rapid destruction. 
The larva now finds it difficult to float and sinks now and again to the bottom. 
The arms undergo rapid reduction and when the larve are 23 days old they 
are greatly reduced. The epaulettes still continue to be active though their 
work is almost over. The Echinus rudiment now occupies the left side of 
the larva. The amcebocytes have become very active. The epaulettes 
now undergo rapid reduction and before the close of the 23rd day have dis- 
appeared almost completely. Sections of larve of this stage display a great 
amount of histolysis. The alimentary canal which hitherto had walls of 
one cell thickness now shows considerable thickening. The cells divide 
rapidly and the pharynx and portions of the alimentary canal get thrown 
into folds. About this time the larval mouth closes as also the larval anus. 
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Spines have appeared and are of two types, four thorned or crowned dorsal 
spines and normal ventral spines. The latter clearly show the two sheaths 
of muscles forming the two layers, the ball and the socket joint and the main 
spine. The paired tube feet are already provided with sucker plates. On 
the ventral side the elements of the jaw apparatus are being laid down and 
on the 32nd day the entire lantern apparatus has reached a stage correspond- 
ing more or less closely to the stage figured by Devanesan (1922) in Fig. 5, 
Plate XIV, for Echinus miliaris. ‘The teeth, the jaws, the rotule and alveoli 
are clear. Mouth opening cannot be seen. About a fortnight later sagittal 
sections of young Salmacis 2 mm. in diameter and 42 days old show the 
mouth opening clearly. The metamorphosis is very rapid occupying about 
8 hours. Healthy metamorphosing specimens were watched and it was 
noticed that the process took place very quickly. At 8-30 a.m. of the 24th 
day after fertilization in a healthy larva the amnion was projecting out almost 
to breaking point. It burst at 10 and one hour later two tentacles had 
pushed themselves out, and by 12 noon the amnion had shrunk away and 
at 4 p.m. all the primary tube feet were showing and the urchin was actively 
moving on its tube feet. Growth hereafter is slow and all individuals do 
not show the same rate of growth. Section of a newly metamorphosed larva 
shows the lower alimentary coil only and the larval cesophagus could be 
seen on one side. ‘This state of things lasts for a fortnight more and now 
the larval gullet has become absorbed and the upper coil of the alimentary 
canal has developed by extension of the first primary coil. The large type 
of globiferous pedicellarie characteristic of the.species was noticed for the 
first time about 12 days after metamorphosis. Subsequent growth is by 
no means uniform even in the same jars. From the same culture 12 speci- 
mens, all 90 days old, were taken and measured and the following table gives 


‘the details of the measurement :— 


Diameter of Test. Size with Spines. 
3 mm. 
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Anus was observed to be formed like a slit when the urchin shows a 
test measurement of 4-5. 


Discussion. 


A comparison of the various Temnopleurid larvz described so far may 
be of interest here. Tennent’s (1929) 55-hour old larva of Salmacis virgulata 
Alexandri is very similar to the 9-day old larva of Temnopleurus toreumaticus 
described by Mortensen (1921). What is more remarkable is that it should 
be so similar to the 10-day old larva Salmacis bicolor considering that tem- 
perature conditions in Madras are so similar to those of the Torres Straits. 
Evidently there appears to be great disparity in the rate of development 
even in closely allied forms in spite of uniformity of temperature conditions, 
a fact which has already been noticed in other cases by Mortensen (1921). 
He seems to consider that the difference in yolk and temperature cannot 
account for the deviation that actually exists in the rate of development. 


A comparison of the skeletal rods of some of the described Temnopleurid 
larve brings out the following facts. The body rods of Salmacis bicolor 
larva at two and a half days age are similar to those figured by Mortensen 
for Temnopleurus toreumaticus but are less thorny and Tennent’s figure of 
the skeleton of Salmacis virgulata Alexandri larva 29 hours old shows that 
in the Australian form it is more robust. In Mespilia globulus the body rods 
when best developed appear very much more thorny than in the other Temno- 
pleurid larve. The anterior lateral rods of the Madras form are slightly 
more thorny than in T. torewmaticus and the dorsal arch definitely makes 
its appearance on the 8th day of development. The skeletal rods in the 
larva of Temnotrema sculpta when two days old appear to be more slender 
than the skeleton at a corresponding stage in Salmacis bicolor and Salmacis 
virgulata Alexandri. Regarding the posterior transverse rod its develop- 
ment has been described so far in Mespilia globulus, ‘‘Echinopluteus of 
Temnopleurid (?) species “‘Echinopluteus of Temnopleurid (?) species 
“Echinopluteus of Temnopleurid (?) species c” and Temnopleurus toreuma- 
ticus. The transverse rod of the present form is totally unlike that figured 
by Mortensen (1921) for Temnopleurid species b and c but agrees closely 
with that figured for species ‘‘a”’ though it is distinctly smaller. 


A comparison of the full larval skeleton of Temnopleurid species “a” 
figured by Mortensen and a corresponding stage skeleton of Salmacis bicolor 
shows that he is dealing with a species of Salmacis as Tennent has already 
suggested. But one cannot be equally sure whether his suggestion that 
“Echinopluteus of Temnopleurid species c’’ is also a Salmacis larva is correct. 
The arms of the Madras form are different in shape from those of 
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Temnopleurid species ‘‘c’’. Further there is very great deviation in the nature 
of the dorsal arch and the posterior transverse rod. It is more probable, 
as Mortensen himself has suggested, that this form belongs to a genus other 
than the larve described as species ‘“‘a’’ and ‘‘b”’. 


Basing his statement on the development of Temnopleurus toreumaticus, 
Temnotrema sculpta and Mespilia globulus and the Echinopluteus larve of 
a few unidentified Temnopleurids Mortensen came to the conclusion that 
the larval family Temnopleuridz appears to be characterised by the absence 
of a basket structure, the body rods dividing into branches in the first stage 
and in the second stage by the development of a posterior transverse 
rod with two short branched postero-lateral rods and the formation of 4 
epaulettes. The development of Salmacis bicolor confirms his opinion in 
every respect. 

An attempt was made to collect from the Madras Harbour specimens 
of small size with a view to getting some idea of the rate of growth and also 
to find out if specimens of the same size as those reared in the laboratory 
are mature. This attempt has not met with success as small urchins of less 
than 3-4 cms. have not been met with though hundreds of large forms have 
been obtained. In studying the gonadic spicules of Salmacis bicolor the 
author (1934) experienced the same difficulty and it seems probable that 
the young forms undergo their development in the deeper parts of the harbour 
and that they creep up only after attaining maturity. Orton and others 
have noticed a similar phenomenon for Echinus esculentus. Mortensen 
(1921) also mentions that for Echinarchinius excentricus he could not get 
small sized individuals in the place where adults were collected in large 
numbers. 

Fuchs and Morgan (1914) state that species of Echinus can become 
sexually mature when relatively small and below their full normal size. They 
obtained ripe eggs from Echinus miliaris 1 cm. across the spines. Echinus 
esculentus and Echinus acutus have been found by them to be ripe females 
when merely a fraction of their natural size. ‘They seem to consider that 
Echinus species which they raised under laboratory conditions were not 
placed under unfavourable situation of growth judging from a comparison 
of forms raised in the laboratory and those of similar size from the sea. 
Echinus esculentus, which grows to a larger size after a year’s growth under 
laboratory conditions, showed a diameter of test 1-5 cm. and a height of 
6 mm. while the Madras form though smaller as an adult showed a growth 
of 1-5 cm. x9 mm. after a year, a fact which goes to show that Salmacis 
bicoloy had not been growing under any unfavourable conditions in the 
laboratory. 
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Another point which might be mentioned here concerns the breeding 
habits of tropical marine animals. Mortensen (1921) is not prepared to 
accept the view expressed by Semper (1883) and endorsed by Orton (1922) 
that in the tropics marine animals are continuously breeding. Pending 
publication of a paper in which this problem has been tackled in a syste- 
matic manner I wish merely to record here that I was able to obtain fully 
ripe individuals throughout the year from the Madras Harbour and artificial 
fertilization was invariably successful. The temperature of the water varies 
from 24°-4C. to 30°C. during the year. 


Summary. 


1. The full development of Salmacis bicolor, a tropical form has been 
traced both in regard to the external characters and several internal features. 


2. The amnion has been shown to arise very early in development. 

3. The development of the larval skeleton has been traced. 

4. The metamorphosis and the post-larval stages have been described. 

5. The absence of sexual periodicity in Salmacis bicolor has been proved. 
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Ceelom. 
Tooth. 
Dorsal arch. 
Dental sac. 


Dorsal transverse rod. 


Epineural cavity. 
Epineural fold. 
Hydroceel. 
Intestine. 
Inferior spiral. 


Interpyramidal muscle. 


Left anterior ccelom. 
Left hydroccel. 
Larval cesophagus. 
Left posterior ccelom. 
Mesenchyme. 
Primary water pore. 
Muscles. 

Nerye fibrils. 
Ordinary spicule. 
Pore canal. 
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ped. 
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r.nerv. 
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Sp. 
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st. 
St.c. 
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WUT. 


Primary spicule. 
Postero-dorsal rod. 
Pedicellaria. 

Pigment. 
Postero-lateral processes, 
Post-oral arm. 
Post-oral rod, 
Pre-oral arm. 
Quadrangular spine. 
Right anterior ccelom. 
Radial nerve. 

Right posterior ccelom. 
Recurrent rod. 

Spine. 

Superior spiral. 
Stomach. 

Stone canal. 

Tube feet. 
Ventral transverse rod. 
Water vascular ring. 
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DEVELOPMENT OF ANOMALOUS SECONDARY 
VASCULAR RINGS IN THE ROOT OF SPERGULA, L. 
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7. Introduction. 


PRESENCE of secondary vascular rings outside the central stele of the axis 
has already been recorded in about two species of Spergula and several other 
members of the family Caryophyllacee (Solereder, 1908). As far as the 
writer is aware, no detailed account of the anomalous growth has been 
published by any author so far. Solereder believes that the development 
of the secondary zones is probably in all cases extra-fascicular, i.e., from 
meristems formed in the primary cortex. I,ast year the writer came across 
a similar secondary growth in the roots 
of Spergula rubra, D. and S. pentandra, 
L,., growing in Iahore. The purpose 
of the present paper is to put this on 
record and further to describe the 
details of the process in S. rubra, D. 
The stem of these species shows a 
perfectly normal structure. 


2. Investigation. 


The primary structure of the root 
of Spergula rubra is perfectly normal 
and similar to that of an ordinary 
dicotyledonous root (Text-Fig. 1). 
Within the piliferous layer are seen 
two to three layers of cortex bounded 
internally by a distinct endodermis. 
The cortical cells are quite large, more 
or less rounded in shape, and they are 


TExT-Fic. 1. Spergula rubra, D. Part of 
at.s.of a young root, showing normal 


diarch primary structure. x 350. separated from one another by small 

inter-cellular spaces. The cells of 
the endodermis are somewhat rectangular in t.s. and they have got 
Casparian thickenings on their radial walls. These appear at first as 
minute dots, solitary or two on a wall, but later they become broader, 
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after fusing when there are more than one. In the centre of the root 
is the stele, consisting of a diarch xylem plate of the usual exarch type 
and two groups of phloem on either side of it. The pericycle is mostly a 
single layer of small cells, though at some places it is two-layered even at 
this stage. This is apparently due to division of some of the original cells, 
There are a few parenchyma cells separating the xylem plate and the phloem 
groups. 

The secondary roots are similar in structure to the primary root; both 
being diarch and secondary growth takes place in both of them in the same way. 


The primary growth in the stele of the root of Spergula rubra is concluded 
very early. The rest of the growth is all of a secondary nature, and takes 
place mostly through cambial activity. At places, however, some parenchyma 


cells also undergo irregular divisions 
and slightly increase the girth of the 
organ. The cambial activity embraces 
two distinct phases; firstly, the 
differentiation and growth of the 
primary cambium (first formed normal 
cambium), and secondly, the develop- 
ment of the secondary cambiums (later 
formed). The primary cambium forms 
a core of vascular tissue in the centre 
of the root, while the secondary 
cambiums form two to three super- 
numerary vascular rings on the outside, 
one after another, in a concentric 


manner. 
Text-Fia. 2. Spergula rubra, 1D. Part of a 
t.s. of the root, showing early secondary The beginning of normal cambium 


growth by means of a normal cambial is made, as usual, by the assumption 
ring in the stele and the formation of a of meristematic activity by the paren- 
phellogen in cortical cells; the endo- chyma cells lying in between the xylem 
dermis has disorganised to form an 
irregular space outside the central cylin- and the phloem. These cells elongate 
der; the outer parenchymatous cells of and undergo tangential divisions. 
the central stele are comparatively large Later on this meristematic activity 
and tangentially elongated. x 350. 
spreads on to the parenchyma cells 
lying just over the protoxylem points. A complete ring of primary 
cambium is thus differentiated. 


The primary cambium functions in the normal manner (Text-Fig. 2). 
It cuts off secondary xylem to the inside and secondary phloem to the out- 
side. The secondary xylem merges into the primary metaxylem, and the 
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secondary phloem becomes continuous with and indistinguishable from the 
primary phloem. On the outside of the protoxylem poles the cambium 
functions as elsewhere, so that a complete cylinder of wood and bast is 
formed in the centre of the root. At places, however, where a rootlet trace 
is given out, the primary cambium in this region forms parenchyma alone and 
gives rise to wedge-shaped rays invading the central vascular core (Fig. 4). 


As secondary growth advances in the central stele, it exerts pressure on 
the peripheral tissues. The epidermis and, a little later, the endodermis 
along with some of the adjoining cortical cells rupture at several places. 
Some of the cells are finally broken down. This results in the appearance 
of an irregular empty space to the outside of the vascular cylinder, traversed 
here and there by remnants of the walls of the disorganised cells (Text-Figs. 
2 and 3). Simultaneously with these changes the cells of the pericycle and 


TEext-Fia. 3. Spergula rubra, D. Part of at.s. of a root older than one re- 
presented in Fig. 2, showing the origin of first secondary cambium in the 
form of small strips inside a band of parenchymatous cells formed as a 
result of the activity of the pericycle cells and the adjacent phloem 
parenchyma; the cambial strips cut off xylem and phloem elements in the 
normal manner, xX 350. 


some of the parenchyma cells of the adjoining phloem begin to grow and 
increase in dimensions, especially tangentially. They undergo many divi- 
sions periclinally, and thus form several layers of parenchyma to the outside 
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of the central stele. It is from this tissue that the different secondary 
cambiums take their origin. 


The first secondary cambium is formed while the first formed primary 
cambium is still active, but after its formation the activity of the latter 
immediately slows down. It is never formed as a complete ring. In the 
first instance it is differentiated as a ring of about a dozen cambial strips 
of small and variable length. These arise from some of the cells in the middle 
region of the parenchymatous zone formed from the division of the pericycle 
and phloem parenchyma cells. The boundary of the parent cells is easily 
recognised by their relatively thick walls. The cambial strips show no per- 
fectly regular sequence in their development, but it is invariably observed 
that the first ones of these to differentiate lie opposite to the primary phloem 
patches. 


The strips of the first secondary cambium act in the same manner as the 
primary cambium. Cutting off xylem to the inside and phloem to the out- 
side, they give rise to a ring of collateral vascular strands separated from the 
central stele, formed from the primary cambium, by nearly four layers of 
parenchyma. As growth proceeds, some of the adjacent cambial strips 
become continuous with one another, but even then a complete ring of 
secondary cambium is seldom established. Generally, the resulting vascular 
zone is composed of three or four large ares of vascular tissue, separated 
from each other by parenchymatous rays three to four cells wide. 


The parenchyma cells on the outside of the tissues formed by the first 
secondary cambium go on growing and dividing, and provide a similar seat 
of origin for the next secondary cambium (Fig. 5). This arises while the 
primary and the secondary cambiums are still active to some extent, and 
appears in the form of small strips just as the preceding cambium. It also 
functions in the same manner and gives rise to another ring of vascular 
bundles, separated from the previous one again by three to four layers of 
parenchyma. These bundles are separated from one another by wider radial 
bands of parenchyma than in the preceding vascular ring, and it is seldom 
that any two neighbouring bundles become continuous. 

A third secondary cambium may arise in some roots in the same manner 
as the previous two and give rise to another ring of vascular bundles, but 
this is very rare and the condition has been observed only in some exception- 
ally large roots. 

As a result of this type of secondary growth, a t.s. through the base of 
a mature Spergula root shows ordinarily two concentric vascular zones 
surrounding a solid cylinder of vascular tissue in the centre. The inner 
zone is composed of three or four large arcs of vascular tissue, while the outer 
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one is made up of nearly a dozen small bundles (Fig. 4). The composition 
of the vascular tissue is more or less alike in all the parts except that some 
of the peripheral bundles may be still immature and their tissues may still 
be not completely differentiated. The xylem is made of nearly radial rows 
of simple pitted vessels separated by rows of prosenchymatous cells. The 
walls of the latter during early stages consist of pure cellulose, but later on 
some become lignified while others remain unchanged. There are no dis- 
tinct medullary rays present in the secondary wood or phloem, but when 
traces of the secondary roots, which arise opposite the protoxylem poles of 
the primary root, depart, large gaps of parenchyma appear in the central 
cylinder simulating medullary rays. The phloem is as usual composed of 
sieve-tubes, companion cells and phloem parenchyma. The cells of the 
radial and tangential bands of parenchyma separating the different bundles 
of one vascular zone and different vascular zones respectively are somewhat 
circular in t.s. and elongated in 1.s. 


The phellogen arises from the outer cells of the cortex. This happens 
when the epidermis has been ruptured by the growth of the stele within. 
It functions in the normal manner. The cork cells cut off from it to the 
outside have the usual structure, but the secondary cortex consists of two 
types of tissues. The first formed portion consists of ordinary parenchyma- 
tous cells, while the portion developing afterwards consists mostly of scleren- 
chymatous cells forming a very distinct zone separated from the cork by 
the cambium in the adult root (Fig. 5). 


3. Discussion. 


Anomalous thickening of the type such as has been described above 
in the root of Spergula, besides many other Caryophyllacee, is known in 
several other families of the Centrospermales. In recent years it has been 
investigated in detail especially in the families Amarantaceze (Schmid, 1928 
and Joshi, 1931), Chenopodiacee (Arstchwager, 1926) and Nyctaginacez 
(Maheshwari, 1930). Through the researches of these workers it has been 
shown that all the supernumerary cambiums are genetically related and 
stand for the most part in direct lineage with the first secondary cambium. 
It is seen in these plants that every successive cambium as it begins to func- 
tion cuts off some parenchymatous cells to the outside and from these the 
next cambium is formed. In Spergula, there is no such regular relation, 
but the two or three rings of the secondary cambiums are related in this 
fact that all take their origin from the same parenchymatous band formed 
by the division of the pericycle cells and adjacent phloem parenchymatous 
cells, 
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An interesting feature of the anomalous secondary growth in Spergula 
is that it is restricted only to the root. The stem always shows normal 
secondary thickening in the vascular cylinder. A similar feature has been 
seen in some other Caryophyllacee and the rest of the Centrospermales, 
such as, Polycarpon, Cerdia, Stipulicida, Ortegia, Lepigonum, Beta, Blitum, 
Hablitzia, etc. (Solereder, 1908). The root is usually regarded as a conser- 
vative organ and the hypothesis may be put forward that in the ancestors 
of these plants anomalous secondary growth was more highly developed 
than at present and extended to both the root and stem. 


The physiological significance of this type of growth is unknown. 
There is no reason that it should be considered to be related to storage, for 
species of Spergula are mostly annual plants and no storage carbohydrates 
are seen in the root. Haberlandt (1914) classifies this type of growth among 
non-adaptive anomalies. It is not impossible that more work on such plants 
especially of the experimental type may throw light on the question, but 
no such study has been undertaken so far. 

4. Summary. 


The paper records the occurrence of an anomalous type of secondary 
growth in the vascular cylinder of the root of two species of Spergula growing 
in Iahore, namely S. rubra and S. pentandra, and describes the details of 
such a development for S. rubra. It is found that as the primary cambium 
is forming xylem and phloem in the normal manner, the cells of the pericycle 
and adjacent phloem parenchyma become meristematic and form a zone 
of parenchyma to the outside of the vascular cylinder. From this zone of 
parenchyma, the successive secondary cambiums take their origin one after 
another and form separate rings of vascular bundles or large arcs separated 
from one another by three to four layers of interzonal parenchyma. Usually 
in a root two such secondary cambial rings appear and form two rings of 
vascular tissue outside the central vascular core, formed as a result of the 
primary growth and the activity of the primary cambium. In rare cases 
three such rings are seen. 


The writer is much indebted to the late Dr. S. R. Kashyap for 
several valuable suggestions and criticisms. 
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EXPLANATION OF THE PLATE. 


Fic. 4.—Microphotograph of a t.s. from the base of a well-developed root of Spergula rubra, 
D., showing two concentric vascular zones surrounding the central solid cylinder; 
the inner zone consists of 4 large arcs of vascular tissue while the outer one is 
made up of more than a dozen vascular bundles. ) 21. 


Fic. 5.—Microphotograph of a part of the same section as the above but more magnified. x 52. 
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The Outlook 


THE phenomenon of photosynthesis is recognised as one of the most impor- 
tant processes connected with plant life. The more obvious significance 
of the phenomenon, however, is revealed in the exploitation of solar energy 
and the conversion of simple inorganic entities into complex organic mate- 
tials of higher energy content through the intervention of the chlorophyll 
apparatus. The dictum ‘ all flesh is grass ’ trenchantly emphasises the all- 
engrossing importance of this vital process in the dynamics of life. 


How, in what manner, and through what stages is this elaboration of 
organic materials brought about by a green blade, have formed the specu- 
lative avenues to the realisation of the nature of the phenomenon. Due 
to the diversity in the photosynthetic activity, in response to the 
many conditioning variables, and the experimental difficulties, it is as yet 
not easy to discern with any degree of exactitude, the surest path of attack, 
although some fruitful results have been the outcome of the manifold 
enquiries on the subject during the last quarter of a century. 


The critical information thus collected on photosynthesis in relation 
to external factors by previous workers has been mainly based upon a study 
of the mature leaf. In striking contrast with this type of leaf are the deve- 
loping young leaf, which undergoes constant structural and physiological 


modifications with age, and the old leaf, wherein the activity is expected 
to be comparatively low. 


+ This paper belongs to the series “Studies in Photosynthesis of Tropical Plants” and is 
the third in order of publication, the first and second being Nos. 8 and 9 of the Literature Cited. 
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A study of the photosynthetic drifts in response to external factors 
as also the age of the plant using exclusively mature leaf, would in conse- 
quence give an untrue picture of the phenomenon. While such a procedure 
has justifiably been followed for securing constancy of material it precludes 
the possibility of estimating the very relation of age of the plant and the 
developmental stage of the leaf with the photosynthetic mechanism. As growth 
is necessarily the result of varying photosynthetic efficiency of these three 
types of leaves, namely, young, mature, and old during the ontogeny, in 
the present series of investigations our outlook upon the leaves of a develop- 
ing plant has been to regard them both as individuals and as a population 
of individuals progressively ageing along with the advance in the age cycle 
of the plant. 


During the course of a detailed scheme of work that has been going on 
for several years at this research station with the object of studying the 
mechanism of photosynthesis, two modes of attack have been followed. 
The first has been to study the photosynthetic rhythm in relation to external 
factors operating individually or collectively. Having got an insight into 
these, the second path of enquiry has been to investigate the operation of 
internal factors. 


In the present and the following connected communications, it is 
proposed to discuss the data obtained on the influence of external variables 
on assimilation. Separate sets of experiments were planned by varying the 
basic factors of temperature, light and carbon dioxide, between the minimal 
and maximal ranges of factor intensity, either keeping all the other factors 
at the optimum value or keeping them at the level of the natural environ- 
ment in some sets, But in doing so the constantly varying age of the plant 
and the developmental stage of leaves were serious obstacles in our way 
on account of the relatively short life cycle of the plant and the long time 
interval required for each set of experiments. The first step lay in deter- 
mining the physiological age of the leaf as contrasted with its chronological 
age, so that for any one series of experiments where constancy of material 
was demanded the work might not suffer on this account. Such a difficulty 
may not be felt in perennial plants where the life cycle is considerably longer 
and consequently the metabolic rate is expected to be of a more steady nature. 
The data thus obtained for any one of the ‘type’ leaves* with respect to any 
one of the external factors are comparable within small variations of deve- 
lopmental stages in the age cycle of the plants. 


* For a definition of ‘Type’ leaves refer to Experimental Methods. 
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Experimental Methods 


The investigations have been conducted on leaves of Raphanus sativus 
(var. Behra-Sindhora Newar) grown in the field under favourable conditions 
of soil and natural conditions of atmospheric factors at the Experimental 
Farm. The desired number of plants were brought a day previous 
to experimentation, and the radical leaves separated from the thick root, 
and sorted out in three groups—young, mature, and old. According to the 
nature of the experiment, a particular ‘type’ leaf of a definite age was selected 
for experimentation, the rest being utilised for finding out the proportionate 


leaf area and dry weight production of the three groups of leaves constituting 
the assimilating system of the plant. 


When the plants were still very young and delicate, the whole crown 
of cotyledonary and foliage leaves of a single plant was used for determining 
the assimilation value. But as the leaves showed gradation in size and 
differentiation in other directions with advance in age, an individual leaf 
or part thereof was utilised for purposes of determining photosynthesis. 

The criterion of segregating the foliage leaves into different categories 


was based mainly on certain ocular tests as also the chronological age of the 
leaf. Thus, 


(i) a young leaf is recognised as a leaf between six and fifteen days 
old, exposing an area of not more than 25 sq. cm. as a rule, and 
of a light green colour, 

(ii) a mature leaf as a leaf between fifteen and twenty-eight days old 
exposing an area of 25-50 sq. cm. usually, and of a grass green 
or dark green colour ; 

(iii) an old leaf as a leaf exposing an aggregate area of more than 50 sq. 
cm. as a rule, of a chronological age between twenty-eight and 
forty days and of a dark green or yellow-green colour. 

The experimental leaves were gathered each day punctually at 2 P.M. 
after a period of full assimilation and kept with the base dipping under 
water in a wide-mouthed tumbler, covered with a bell jar receiving diffuse 
light from a northern window of the Experimental Physiology Laboratory 
at an approximately steady temperature and left there over-night until 
they were called forth the following morning for experimentation. 

Continuous current method using baryta water as an absorbent has 
been employed for estimating the CO, intake by the leaf. A current of 
air containing a known percentage of carbon dioxide is bifurcated into 
two equal sets, one passing through the leaf chamber while the other 
through the control, and allowed to bubble through two pettenkoffer 
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tubes each containing 25 c.c. of baryta solution of a known strength and 
25 c.c. of boiled distilled water. The solution after a certain interval of 
time is titrated against standard hydrochloric acid and the quantity of carbon 
dioxide absorbed in each determined. The difference between the carbon 
dioxide in the control and the experimental tubes is necessarily due to the 
photosynthetic appropriation of CO, by the leaf and is expressed as the 
apparent assimilation. 

Blackman’s clock-work and commutator arrangement has been used for 
the periodic shifting of the current from one pair of pettenkoffers to another 
after a known interval of 1, 2 or 3 hours as the case may be. The supply 
of higher concentrations of carbon dioxide is maintained by a CO.-generating 
tower packed with marble over which trickles dilute HCl at a constant rate, 
while the reduced supply of this gas was obtained by a potash tower. Equal 
suction of air was maintained by a pair of balanced aspirators running at 
constant and equal rates. The rate of aspiration in the different series of 
experiments was 1500 c.c. per hour. The concentration of carbon dioxide 
in the current has been expressed as mgm. of carbon dioxide contained in 
100 c.c. of the air stream at 760 mm. pressure. 


Leaf chambers of special patterns were used. One such type consisted 
of a cell with a circular metal rim, 11 cm. in diameter, to which two thick 
circular glass plates eight centimetres apart were fixed. One of the plates 
remained rigidly secured while the other was removable for introducing 
the leaf. The other chamber while resembling the first type in other details 
consisted of an oval rim of gun metal rested on heavy supports. In each 
case, an inlet and an exit tube were present and arrangements provided for 
inserting a thermometer. 


For each experiment the apparent assimilation of the leaf was studied 
and subsequently followed by the determination of respiration. The ex- 
perimental values in either case are added to yield the real assimilation of 
the leaf. The standard of assimilation, both for apparent and real assimi- 
lation, is the number of milligrams of carbon dioxide absorbed per hour by 
100 sq. cm. of leaf surface (inclusive of both sides). A preliminary tube of 
two hours’ duration was run in every case and due allowance also made for 
the ‘washing factor’. 

The experiments were mainly conducted under controlled conditions 
of external variables. Illumination was provided by electric lamps of vary- 
ing intensity. The exact intensity in an experiment was determined by 
Simmance’s Photometer. The concentration of carbon dioxide was con- 
trolled by a COv:-generating tower while the temperature was regulated by 
means of a toluol-thermo-gas regulator and an electrically stirred bath. 
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Experimental Findings 


The natural drift of time-assimilation curve—For the establishment 
of the relation between the variables and the intensity of assimilation, 
it was thought desirable to study first the drift of assimilation in relation 
to time both in mature and old leaves under controlled conditions. An 
attempt was made to determine the physiological age of the leaf in contrast 
with its chronological age. But as the correct identification of the young 
leaves, as distinguished from the mature and old ones, was found to be less 
complex, attention to details in the mature and old leaves was directed, 
the maturity or senility label of a leaf being provisionally conferred upon it 
for purposes of experimentation on the basis of its chronological age, size, 
and sometimes colour. The time relation curves (Fig. 1) comprise the data 
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Fig. 1. Time-Assimilation relation in regard to Mature and Old leaves at average 
temperatures of 29-2 and 29-5 degrees Centigrade respectively, at a light intensity of 
28,650 M.C. and at the CO, concentrations indicated by curves at the top of the figure. 

The values of apparent and real assimilation as obtained in the sequence of time are: 
Expt. I, Old leaf (+305, 7-395), (0-000, 6-049), (0-000, 2-549), (0-000, 1-010), (0-000, 
0-662), (0-000, 0-111); and for Expt. IT, Mature leaf (1-517, 10-519), (1-451, 10-353), 
(1-166, 10-068), (1-099, 10-001), (0-000, 8.902), (0-000, 8-533), (0-000, 7-530). 
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of Experiments I, II and III, the values for assimilation in these experi- 
ments being obtained till they reached such low levels from which there 
was no subsequent recovery. 


Experiment I deals with the course of assimilation in an old leaf 
gathered from a plant thirty days old. The chronological age of the leaf was 
twenty-eight days. For about a week the cotyledonary leaves persist on 
the plant and the area exposed by the foliage leaves that emerge at this 
stage is relatively small. It is only after the lapse of about fifteen days 
that these foliage leaves begin to differentiate as young and mature 
leaves, and no old leaves, to be sure, are found at this stage. Consequently 
an enquiry into the assimilation rates in time, of young, mature, and old 
leaves had to be postponed to a date when leaves belonging to these cate- 
gories were available on plants of the same age to provide comparative data. 


The assimilation readings in this case were taken at a temperature of 
29-5° C. at a mean CO, concentration of 0-1079 mgm. per 100 c.c. and a light 
intensity of 28,650 M.C. Every day a set of three to four readings were 
taken at about the same time. These experimental conditions were kept 
more or less constant for Experiments II and III dealing with mature - 
and young leaves respectively. 


The experimental results seem to show that chronological age conforms 
only to a certain extent to physiological age, the CO, assimilation drifts in 
time in the leaf belonging to any one stage of development, young, mature, 
or old, being fairly characteristic. The assimilation values for both mature 
and old leaves (Fig. 1) start with a maximum never attained thereafter 
during a period of 190 hours, and from day to day the assimilatory activity 
goes on waning attaining its lowest observed level at the end of the one- 
hundred-and-nintieth hour in the case of mature leaf and earlier, after one- 
hundred-and-forty-ninth hour in the case of the old. It may be observed 
that in spite of the incidental increase in the carbon dioxide concentration 
after twenty-three hours and seventy-two hours respectively in the case of 
the mature and old leaves, other conditions keeping constant, the decline 
in the assimilation values, both apparent and real, continues steadily, thus 
hinting at the fact that this continuous fall in the assimilation rate with time 
is correlated with some internal factor. 

The fall is considerably steeper in the case of the old leaf in the begin- 
ning, whereas in the mature leaf for the first five days the fall is such as to 
constitute a more or less level phase and it is only on the sixth day that there 
is a sharp decline in the assimilation values resembling more or less the 
decline noted in the assimilatory activity of the old leaf in the beginning. 


If the complete assimilation curve for the mature leaf be traced and placed 
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end to end with that of the old leaf, adjusting somewhere between the 
eighth and ninth day, the two obviously form a continuous curve showing 
thereby that the state of affairs obtaining towards the end of the activity 
of the mature leaf corresponds to that found in the earlier course of assimi- 
lation in the old leaf. For instance, the last value of real assimilation in 
the mature leaf on the eighth day is 7-530 mgm. of CO2, which shows that 
the values of assimilation in the mature leaf gradually merge into those of 
the old leaf at the end of the eighth day. In other words, the experimental 
old leaf is about eight days physiologically older than the mature leaf. 


Let us now consider a preliminary experiment (III) with young leaves 
and see what light it sheds on the above findings. Before a consideration 
of the observed values we would endeavour to test the above findings rather 
indirectly. On extrapolating the initial value of the mature leaf and on 
reading the assimilation values eight days prior to that on which initial value 
was obtained for the mature leaf, namely, the period by which the mature 
leaf should be older than the young at about the same age of the plant, on 
the view stated above, we arrive at a value of real assimilation in the neigh- 
bourhood of 11-280 mgm. A comparison with the observed initial value 
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Fia. 2. Drift of assimilation (real) in time at an average temperature of 29-3 
degrees Centigrade, at a light intensity of 28,650 M.C., and with an average CO, con- 
centration of 0-110 mgm. per 100 c.c. The plotted values arranged in succession of 
time are, beginning with young leaf 11-280 (extrapolated value), mature leaf 10-519, 
10-353, 10-058, 10-001, 8-717 (average of two values for the day), 7-463 (average of the 
last value 7-530 of the mature leaf and the initial value of the old leaf), and old leaf 
6-049, 2-549, 1-040, 0-662, 0-111. 
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of assimilation in Experiment III shows fair agreement inasmuch as the 
deviation is within 2-9 per cent. 


When we reconstitute the time-assimilation curve from the individual 
curves of Experiments I, II and III for the old, mature, and young leaves 
we obtain a complete life cycle curve as if the young leaf was allowed to 
assimilate for a period of twenty days (Fig. 2). Due to the unavoidable 
attack of fungus in the course of an experiment extending over such a long 
time, the idea of continuing the experiments any further had to be aban- 
doned. Failing this the reconstituted curve provides a good measure of 
the march of assimilation throughout the age cycle of the leaf. As an ex- 
ample we note that the composite curve starts with as high a value of assimi- 
lation in the young leaf as 11-280 mgm., shows a gradual fall with time to 
reach an initial value of 10-519 mgm. in the mature leaf. The later course 
of the curve is marked by a gradual decline for ninety-six hours between 
eighth and twelfth day after which comes the second dip, signalising the 
physiological transition of the mature leaf into the old leaf, for the value at 
the middle of this dip agrees with the initial value obtained for the old leaf 
within 1-8 per cent. The bottom of this dip is near about zero line showing 
that in the old leaf there is a precipitate decline towards a very low value of 
assimilation, reached approximately one-hundred-and-forty-four hours after 
the second dip (between eighteenth and nineteenth day). 


A comparison of the degree of ageing of the experimental leaf with the 
grades of senility in the leaves on the plant, as indicated by the colour of 
the individual leaves on dates when the determinations of assimilation were 
made, showed that the mature leaf even after the completion of eight days 
of experimentation at a temperature of about 29-5° C. remained green, while 
the old leaf showed the beginning of yellowing even on the second day of 
experimentation, corresponding to a time when the apparent assimilation 
of the leaf had dropped to zero, and the real assimilation was heading fast 
towards the zero line. This may he indicative of the fact that the rapid 
decline of the assimilatory function in the old leaf terminating in its failure 
is possibly connected with the disintegration of the chloroplasts or 
simultaneous changes in other internal factors as has been discussed in 
detail in another communication (9) all of which may appreciably contribute 
to bring about a decline in the photosynthetic activity of leaves. Work 
directed to the elucidation of this point is in progress in these laboratories 
and we hope it will be possible to report it before long. The judgment 
whether a like deterioration of the chloroplasts is responsible for the 


slow fall in the assimilation values in the composite time curve would be 
premature. 
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From the foregoing discussion it is clear that in our further treatment 
we have to take into consideration only the initial values in each case as they 
give the maximum values, not obtainable later, on account of the fast pro- 
gress of ageing of a leaf. 


The relation of carbon assimilation to temperature variations —Having 
studied the natural course of assimilation in relation to time and having 
determined the range of physiological age corresponding to a particular 
chronological age, we now pass to a consideration of the relationship between 
various intensities of temperature, to which the assimilating leaf is subject 
in its natural environment, and assimilation. Although during the winter 
months when these experiments were conducted mainly, the plants thrived 
within the temperature range of our experiments, we have used temperatures 
somewhat beyond this range also just to obtain a glimpse of the photo- 
synthetic reaction at such outlying points of temperature as may not per- 
manently injure the chloroplasts. 


For the experimental material we deliberately chose a ‘young-mature’ 
leaf, 7.e., a leaf which was just in the transitional phase from the young stage 
to the mature stage. We avoided testing the temperature-assimilation 
relation with the old leaf, because our experience of its assimilational course 
was that it very soon lost the little power of assimilation that it possessed. 
The selection of a ‘young-mature’ leaf was expected to furnish us with re- 
sults which might well be applicable on an average to both the voung leaf 
as well as the mature leaf. Such a type corresponds with a leaf thirteen to 
sixteen days old having a leaf area of 20-28 sq. cm. 


The primary relation existing between CO, assimilation by the green 
cells and temperature has so far been chiefly investigated by Matthaei® 
and Blackman and Matthaei.! In general, it has been established by 
them that so long as the CO, assimilation is below the maximum allowed 
by the external supply of carbon dioxide and light, there exists a propor- 
tionality between assimilation rate and the leaf temperature. 


The temperature range of the atmosphere during the period that these 
experiments were conducted was 18-22°C. while the atmospheric tempera- 
ture range during the life cycle of the plant was 18-30°C. Accordingly 
we decided to work above 17°C. Some of our experiments, it will be 
noticed, have been carried out at very high temperatures, because in these 
sub-tropical regions the plant is subject to them at least in the summer 
season. The average minimum temperature during the months of October, 
November, December and January being not less than 17° C., we did not 
go below that. 
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Experiments with low CO, concentrations :—Fig. 3, curve I, illustrates 
our study of the influence of temperature on assimilation using an average 
concentration of carbon dioxide equivalent to the atmospheric, and a con- 
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Fic. 3. Temperature-Assimilation relation of Youxg-Mature leaves at a light 
intensity of 28,650 M.C. and at three concentrations of CO,. Oaly values of real 
assimilation plotted. Curve J at 0-049 mgm. CO, per 100c.c.: Expt. IV, 28°C., 
11-045: Expt. V, 21° C., 5-897; Expt. VI, 27°C., 9-265; Expt. VII, 26°C., 8-301; 
Expt. VIII, 29° C., 11-407; Expt. 1X, 30° C., 12-148; Expt. X, 34°C., 12-759; Expt. 
XI, 37° C., 11-656; Expt. XII, 38-5° C., 10-553; Expt. XIII, 39-5° C., 9-863; Expt, 
XIV, 41°C., 8-062; Expt. XV, 22-3°C., 5-905; Expt. XVI, 17°C., 2-620 (values 
obtained by extrapolation or following the slope of the curve 12-6° in the beginning of 
the curve and 47-4°C., at the completion of curve). Curve II at 0-13 mgm. CO, per 
100 c.c.: Expt. XVIT, 28° C., 11-706; Expt. XVIII, 28°C., 16-913; Expt. XIX, 30°C., 
12-868; Expt. XX, 32°C., 13-280; Expt. XXI,34°C., 13-485; Expt. XXII, 25°C., 
7-956; Expt. XXIIT, 37° C., 12-118. Curve III at 0-50 mgm. CO, per 100 c.c.: Expt. 
XXIV, 28° C., 14-585; Expt. XXV, 30° C., 16-032; Expt. XXVI, 34° C., 16-386. Point 
IV at 0-049 mgm. CO, per 100 c.c. but at an increased light intensity of 63,030 M.C. : 
16-913. 
stant illumination intensity of 28,650 M.C. It will be observed that as 
temperature increased, the rate of photosynthesis was augmented upto 
29°C., an increase beyond which failed to bring about any appreciable 
rise in the rate of photosynthesis, as shown by the inflexion of the rising part 
of the curve into a more or less level phase which is continued upto 34°C. 
Thereafter the curve runs a down-hill course showing that there is a decline 
in the assimilatory activity after 34°C. Were this down-hill course to be 
followed further in the direction of the slope of the curve, it touches the zero 
line at a temperature of 47-4°C. This would show that the photosynthetic 


activity will cease in the vicinity of this temperature. 

From the nature of the curve it would appear that the first rising part 
of the curve corresponds to a state of affairs where the photosynthetic rate 
was directly determined by temperature. The second level part is an evi- 
dence of the fact that some factor other than temperature, i.e., either CO, 
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concentration or light intensity was limiting the rate of assimilation, as 
increase of temperature had no effect in pushing the assimilation rate at 
this stage. The declivity in the third portion of the curve may be ascribed 
to the deleterious effect of high temperature. What exactly is the nature 
of this depressing factor, we are not in a position to say but it seems that 
the deleterious effect of high temperature on the respiration of leaves, 
observed by one of us,7 may partly contribute towards this fall. 
Experiments with medium CO, concentrations—To test the theoretical 
possibilities of carbon dioxide or light limitation in the flat region of curve 
I, Tig. 3, experiments were performed either at corresponding tempera- 


tures or within the range of temperatures used for low concentration experi- 
ments. 


On raising the concentration of carbon dioxide from 0-049 to0-13 
mgm. per 100 c.c. while the original illumination intensity was held 
constant, it was found in the first experiment performed at 28°C. that 
the original value of 11-045 mgm. in Experiment IV was elevated to 
11-706 mgm. (Experiment XVII). This result confirmed one of the possi- 
bilities visualised above, inasmuch as the CO, concentration did limit the 
rate of assimilation at this temperature. But whether light played any 
part in keeping down the assimilation level to 11-045 mgm. at 28° C. remained 
undecided. Before testing the effect of the enhanced concentration on the 
rate of assimilation at the other temperatures we decided to perform another 
experiment at 28°C. at the original concentration of 0-049 mgm. but with 
the light intensity about doubled, viz., 63,030 M.C. Experiment XVIII 
fulfils this object. The value of assimilation obtained with the increased 
light in this experiment is 16-913 mgm., thus establishing the fact that in 
the previous set of experiments both the light intensity of 28,650 M.C. 
and the CO, concentration of 0-049 mgm. per 100 c.c. were limiting the 
rate of assimilation. 


Our next concern was to study the effect of the higher concentration of 
0-13 mgm. at the temperatures included in the level part of the curve (Fig. 3). 
The assimilation value attained in Experiment XIX is 12-8684 mgm., 1.¢., 
there is a rise over the value obtained in Experiment XVII at 28°C. The 
next experiment (XX) was performed at 32° C. when a value of 13-280 mgm. 
was reached. This value was more or less of the same order* as the one 


* The justification for describing the assimilation values at 30°C and 32° C, namely, 
12.868 mgm. and 13.280 mgm., as of the same order is obvious. The apparent assimilation 
values at these two temperatures are practically constant, viz., 2.025 mgm. and 2.030 mgm., but 
the slight disparity between the figures of real assimilation is the outcome of the continued 
rapid increase of respiration with temperature at this range, 
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obtained in the preceding experiment (XIX) and gave some evidence that 
the maximal level of assimilation at this concentration had been practically 
reached at 30°C. This evidence was strengthened in Experiment XXI at 
a temperature of 34°C., where the assimilation kept at 13-458 mgm. 

Before examining the high temperature effect at this raised concen- 
tration of carbon dioxide we thought it fit to go back and explore the magni- 
tude of assimilation attained under temperatures lower than 28°C. in order 
to test whether assimilation was again a function of temperature at this 
concentration. Experiment XXII at 25°C. furnishes a positive answer 
to this query and gives us some more information. On comparing the initial 
assimilation value obtained in this case, viz., 7-956 mgm. with that for the cor- 
responding temperature at the lower concentrations, namely, 7-5 mgm. (value 
read from the curve) we find that in this region again not only temperature 
but carbon dioxide also is capable of augmenting the assimilation rate. It 
will be recalled that Harder? working with Fontinalis antipyretica found a 
similar increase in the rate of assimilation with an increase of either factor 
in each combination of the factors of light and CO, concentration. 


Reverting to the consideration of the high temperature experiments 
with the enriched supply of carbon dioxide we find that in Experiment XXIII 
(37° C.) there was a fall to 12-118 mgm. from the maximum value for assimi- 
lation attained in Experiments XIX, XX and XXI corresponding more or 
less to the decline noticed at this temperature under low concentration 
(Experiment XI). 

On a review of curve II, the individual experiments of which we have 
just described it appears that the general form of the composite curve 
obtained after plotting the first observed values is essentially similar to the 
one at the lower concentration of carbon dioxide (curve I, Fig. 3) except 
for the uniformly higher level of assimilation maintained throughout the 
range of experimental temperatures. 


Further Experiments ——Further experiments were performed at a con- 
centration of carbon dioxide higher than the last and of the approximate 
magnitude of ten times the atmospheric tension of CO, (0-50 mgm. per 100 
c.c.). Experiments were made at 28°C. (Experiment XXIV), 30°C. (Ex- 
periment XXV) and 34°C. (Experiment XXVI), 7.¢., at a range at which at 
the lower two concentrations of carbon dioxide the temperature assimila- 
tion curves had flattened. The object was to see whether at this raised 
concentration of carbon dioxide, the assimilation continued to be limited, if 
the light intensity was not concomitantly raised. Curve III, Fig. 3 indicates 
that though the values of assimilation attained at these temperatures under 
this partial pressure of carbon dioxide are uniformly higher than those 
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obtained at the lower concentrations, the assimilation is again limited at these 
temperatures probably by the inadequacy of light intensity. 

The gradual assumption of the flat form after the initial rising phase 
of curve II is a reminder of the fact that even at this higher concentration 
the continuous rise with temperature is not maintained, and the rate of assimi- 
lation is again limited by some other factor, may be light or carbon dioxide 
or both, and the values between 30°C. and 34°C. are about constant. The 
rate may be influenced by each of the conditioning variables present either 
in limiting quantity or in relative minimum as has already been stressed 
in a separate communication’ from these laboratories. 

The incidence of time factor at different temperatures—In the preceding 
sub-sections we have shown that the assimilatory values are a function of 
temperature upto 29°C. when measured under a light intensity of 28,650 
metre candles and an external supply of carbon dioxide of either 0-049 mgm. 
or 0-13 mgm. per 100 c.c. 

From an inspection of Table I, which presents the successive hourly 
values obtained at different temperatures in Experiments IV to XVI it is 
apparent that the rate of photosynthesis remains fairly constant hour after 
hour at and below 29°C. Above this temperature the initial rate of assimi- 
lation is not maintained but falls off with time. (Cf. the earlier incidence 
of time factor at 25°C., described by Matthaei in England.) 


In Experiment IX (30°C.) the time factor becomes apparent in the 
second hourly values as there is a fall from 12-148 mgm. to 11-893 mgm. 
The third hourly value is 11-796 mgm. that is the fall is here much less than 
in the second hourly reading. The differences between the first and second 
hourly values and the second and third hourly values at 34°C. are of the 
same order as in Experiment IX (30°C.). In striking contrast to these are 
the differences noticed at 37°C. in Experiment XI between the first and 
second hourly readings where there is a significant fall of 0-554 mgm., but 
the third hourly value as in the previous three experiments steadies, the 
fall being only 0-113 mgm. This slow fall is continued in the subsequent 
hourly values also obtained at this temperature. Further it is noteworthy that 
the first observed value at 37°C. is far lower than the first observed value 
at 30° C. showing the rapid effect of time factor at this temperature from the 
commencement of subjection to the temperature. Therefore the shorter 
the interval between the raising of the temperature and the making of the 
determination, the higher will the observed value be. The initial value 
can however be obtained by extrapolation, if we assume that the rate of 
fall at the moment the high temperature takes effect is the same as that at 
the end of the first observation. 
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TABLE I 
Real assimilation per 100 sq. cm. during successive hours at varying 
temperatures 
Real Assimilation in mgm. 
lst hour after | 2nd hour 3rd hour after| 4th hour 
preliminary | preliminary | preliminary ie 
IV 28° C. 11-045 11-038 11-053 11-046 
21°C. 5 -397 5-399 5-403 5-399 
VI 27° C. 9-265 9-263 9-257 9-270 
vil 26° C. 8-301 8-304 8-299 8 -303 
Vill 29° C, 11-407 11-401 11-405 11-412 
Ix 30° C. 12-148 11-893 11-796 11-700 
x 34°C, 12-759 12-492 12 -384 12-280 
XI 37° C. 11 -656 11-102 10-969 10-851 
XII 38-5° C. 10-553 9-996 9-860 
XIII 39 -5° 9 -863 9-210 9-026 
XIV 41°C, 8 -062 7-728 7-498 
XV 22 -3° C. 5-905 5-890 
XVI 17°C, 2-620 2-612 


Experiment XII (38-5°C.) shows a pronounced diminution of assimila- 
tion rate in the second hour, more or less as noticed in Experiment XI at 
37°C. The third hourly reading as before shows a smaller fall than the 
second hourly reading. 

Thus it appears that the higher the temperature the greater is the rate 
of fall; in other words, the shorter is the time the top assimilation velocity 
is maintained. 

The question of time factor in respiration, which is of vital importance 
to the determination of real assimilation, may also be briefly considered 
here. While the behaviour of respiration during exposure to medium and 
high temperatures is complicated, this function, unlike the function of assimi- 
lation, is free from the effect of light and carbon dioxide limitations, 
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The effect of temperature on respiration was studied in Experiments 
XXVII to XXXVIII performed at twelve different temperatures ranging 
between —5-Oand 62°C. The results are represented in Fig. 4, a perusal of 
which shows that the first obtained value of respiration goes on increasing with 
an increase of temperature upto 35°C. after which the respiration values 
fall off as is noticeable in experiments at 40° and 45°C. respectively. At 
52° C. the respiration rises again, while at 62°C. there is a considerable fall. 
The fall observed at 40°C. and 45°C. may be attributed to the injurious 
effect of temperature.® At —5°C., the respiratory activity is exceedingly 
small, and if we produce the respiration curve to touch the zero line we get 
an indication that the respiration will cease at —6°C. Upto 35°C. there 
is no evidence of time factor in the successive hourly readings, but beyond 
that at temperatures of 40, 45 and 62°C. there is a definite fall in the 
second hourly values. Opposed to this at and before 30°C. the second 
hourly value evinces a recurring tendericy to rise at all temperatures. 


11 A 


\ 


Output of CO, in mgm. 


-10 -5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 
Temperature in degrees Centigrade 


Fig. 4. Temperature-respiration relation Expt. XXVII, - 5° C., 0-079; Expt. 
XXVIII, 5° C., 1-274; Expt. XXIX, 10° C., 2-054; Expt. XXX, 15°C., 2-738; 
Expt. XXXI, 20°C, 4-519; Expt. XXXIT, 25°C., 6-436; Expt. X XXIII, 30°C., 
10-544; Expt. XXXIV, 35° C., 11-366; Expt. XX XV, 40° C., 9-175; Expt. XXXVI, 
45° C., 8-627; Expt. XX XVII, 52° C., 11-076; Expt. XXXVIIT, 62° C., 7-668. 

It may be recalled that Matthaei> working in temperate regions on Cherry 
Laurel detected the cessation of respiratory and assimilatory activities at 
—18°C. and —6°C. respectively. On the other hand our own experiments 
indicate that these activities in radish leaves cease at comparatively higher 
temperatures of —6°C, and 12-8°C. (vide curve I, Fig. 3) respectively—a 
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disparity connected with the ecological adaptation of these leaves to the 
higher temperatures of the sub-tropical regions. 


Temperature Coefficients —The temperature coefficients for assimilation 
obtained between a range of 21° C. and 38° C. are undernoted in Part I of 
Table II, a review of which shows that Q,9 for real assimilation between 
21°C. and 31°C. is 2-26, comparable to the values obtained by Blackman 
and Matthaei! for Cherry Laurel between 5°C. and 25°C. and points to the 
conformity of the photosynthetic process within these temperatures to the 
Van’t Hoff’s law at illumination intensities of the order of that used by us 
(28,650 M.C.). There is thus evidence indicating that the photosynthetic 
rate at such illumination intensities is possibly governed by a chemical 
reaction between 21° and 31°C. 

TABLE II 


(*) Van't Hoff’s Temperature Coefficient of Photosynthesis 


CO, concen- Light Qio Qio 
tration in intensity in | Temperature Apparent Real 
mgm, per metre range °C. Assimila- Assimila 

100 c,c. candles tion tion 


0-049 | 28,650 | 21°—31°C. 2-77 2-26 
25° —35° C. 1-29 1-65 
28°—38° CO. 0-35 0-95 


” 


(ti) Van’t Hoff’s Temperature Coefficient of Respiration 


Temp. range Qio Respiration 


— 5°—B° C. 16-05 
5°—15° C. 2-14 
15°—25° C. 2-35 mean value 
2-27 
20°—30° C. 2 -33 
25°—35° C. 1-76 
30°—40° C. 0-87 


In Part II of Table II are presented the temperature coefficients for 
respiration, It will be noticed that the temperature coefficient starts with 
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as high a value as 16-05 between —5°C. and 5°C., and runs down to 2-27 
between 5 and 30°C.; after this the coefficient goes on progressively dwind- 
ling. The value of Q)) for respiration between 5 and 30°C., 2-25 is signi- 
ficant being in the neighbourhood of the one obtained for assimilation within 
a similar range of temperature, and points again to the thermolabile chemical 
reactions probably determining the velocities of respiration and assimilation 
between these limits. 

Brown and Heise? in a critical survey of the literature on the influence 
of temperature on photosynthesis consider that the data for the most part 
indicate a temperature coefficient of photosynthesis in the vicinity of those 
characteristic of photochemical reactions. The array of evidence for a high 
temperature coefficient of photosynthesis of the order of those characterising 
chemical reactions provided by the work of Matthaei,5 Osterhout and Haas,® 
Warbiirg’ and Lundegardh,* however, cannot be dismissed lightly. Our 
own data at the particular light intensity at which they have been obtained 
indicate a high temperature coefficient of photosynthesis. However on 
account of the complexity of the reactions involved in photosynthesis, the 
evidence of temperature coefficient regarding the nature of the molecular 
changes constituting photosynthesis is not open to a simple interpretation 
as they certainly are in the case of a purely chemical or physical process. 


Summary and Conclusions 


The march of assimilation from day to day in a young leaf for twenty 
days—the period of physiological activity of a radish leaf in the laboratory— 


is deduced from the separate time-assimilation curves of mature and old 
leaves. 


Under the natural pressure of carbon dioxide in the atmosphere, assimi- 
lation of radish leaves increases continuously upto 29°C. more or less in 
conformity with the Van’t Hoff’s law, the coefficient of increase being 2-26. 

The maximum assimilation attainable under the atmospheric condi- 
tions of carbon dioxide is reached at 30°C. 

From 30 to 34°C. the first observed value of assimilation attained 
is of the same order but at and beyond 30°C. this initial value of photo- 
synthesis abates in successive hours. 

While the first evidence of time factor is available at 30° C. its pronounced 


influence is manifested not till 37°C. when the disparity between the first 
and second hourly reading is striking. 


At 29°C. it is possible to reach a higher sustained pitch of assimilation 


in time by increasing the partial pressure of carbon dioxide in the environ- 
ment, 
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Assimilatory activity in the radish leaf becomes extinct at a tempera- 
ture of 47-4° C. and does not commence at a temperature lower than 12-6°C. 
in these regions. This behaviour is contrasted with that of Cherry Laurel, 
recorded by Matthaei working in the temperate regions who found the 
threshold value for photosynthesis to be —6° C., and ascribed to the 


-ecological adaptation of the plants to higher temperatures in these regions. 
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Introduction 


THE previous paper of this series’? represents a study of the temperature- 
assimilation relation of leaves of radish gathered from plants grown in 
the field. The complex phenomena presented by the assimilation of the 
leaves under the stress of varying temperatures were studied there. The 
same ‘type leaves’* have been used in the present investigation to study 
the reactions of the assimilatory system to alterations of light intensity 
under known conditions of other external factors. 


The general procedure of experimentation was the same as described 
in the paper referred to above. Alterations of light intensity were secured 
by using electric bulbs of different candle powers placed at a fixed distance 
of 16 cms. from the front of the leaf chamber, the most powerful bulb used 
being a 1,500 watt Osram half-watt lamp. The higher intensities of light 
were obtained by using a suitable condenser. Between the bath containing 
the leaf chamber and the illuminant a screen with white glass walls was 
interposed through which cold running water circulated. This arrangement 
effectively intercepted the heat radiations from the source of light. The 
lamps were photometrically evaluated on a Simmance photometer using 
calibrated bulbs as standards instead of pentane standards. 


The relation between photosynthetic activity and light is on the whole 
simpler than that between assimilation and temperature, for here we are 


+ This paper belongs to the series “Studies in the Photosynthesis of Tropical Plants” and 
is the fourth communication in the series. 

* Young-mature leaves have been used. Such leaves are 13-16 days old chronologically, 
exposing an area between 20-28 sq. cm. and being physiologically intermediate between the 
extreme type of young and mature leaves. 
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dealing in the main with the amount of energy which the chloroplasts re- 
quire for the conversion of the raw materials into substances of higher energy 
content. But under natural conditions the effects of light and temperature 
are so closely linked because these factors tend to vary together, that the 
relation of light to the process of assimilation is somewhat obscured. 


The use of sunlight, while desirable in these experiments from the point 
of view of their ultimate object, namely, the provision of a basis for the calcu- 
lation of assimilation by entire plants under field conditions, was not 
deemed satisfactory for tracing the light-assimilation relation on account 
of the difficulty of regulating its intensity and composition, and especially on 
account of the complicating temperature effects produced by its rich infra- 
red ray content. Electric light from a gas-filled lamp being more amenable 
to control in these respects was therefore adopted as a source of light. 


In nature, in these regions, in the cool hours of the morning when the 
sun is low, the plant receives dull light. With the advance of the day 
light becomes more and more intense till 2 p.m. when the sun has mounted 
the heavens and is shedding a bright sunshine. With the approach of even- 
ing the sun is once more low and light has waned till at about 7 p.m. darkness 
supervenes, but for occasional feeble moonlight. In view of this recurrence 
of gradations in the natural illumination from hour to hour in the day in 
the different seasons it became necessary to explore the cardinal points in 
natural illumination, viz., the minimum, optimum and maximum, for the 
function of assimilation relative to the atmospheric carbon dioxide con- 
centration. 

The temperature-assimilation relation having already been established 
in the previous paper, the following experiments were run at a temperature 
of 29°C., at which no time factor had been shown to appear, nor was there 
a serious limitation of the rate of assimilation due to temperature insufficiency. 


The rate of photosynthesis under varying light intensities and low 
carbon dioxide concentration 


Experiments I-VI were conducted at a partial pressure of carbon 
dioxide equalling 0-054 mgm. per 100 c.c. and a temperature of 29-1° C. with 
‘young-mature’ leaves of radish picked from plants 30-36 days old. The 
results are graphically represented in curve I, Fig. 1. 

Experiment I was carried out at two different light intensities. In the 
first half, the light intensity was only that provided by the diffuse light 
obtaining inside the Experimental Physiology Laboratory from 8-20 a.m. to 
1] A.M. on a clear March day with the lower two rows of glass panes covered 
with white mounting paper and the upper third row of panes admitting light 
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as usual. The object in providing this subdued diffuse light of the order of 
4,000 M.C. was to give a light intensity at which the rate of photosynthesis 
may just balance the rate of respiration. The assimilation averaged 9-872 
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Assimilation in mgm. of COz 


5,000 15,000 25,000 35,000 45,000 55,000 65,000 75,000 85,000 95,000 
Light intensity 

Fie. 1. Light-assimilation relation at an average temperature of 29-05° C. The 
values of real assimilation for the light intensity are indicated after each value. Curve I 
obtained at an average CO, conc. of 0-054 mgm. per 100 c.c. Expt. I, 10+¢287 at 5,720 
M.C.; Expt. IT, 11-010 at 28,650 M.C.; Expt. III, 13-682 at 40,110 M.C, and 17-237 
at 68,760 M.C.; Expt. IV, 17-166 at 72,197 M.C.; Expt. V, 17-556 at 94,724 M.C.; 
Expt. VI, 16-840 at 180,010 M.C. (not plotted). Curve II obtained at an average 
CO, conc. of 0-52 mgm. per 100 c.c., Expt. VII, 11-562 at 5,730 M.C. and 13-768 at 
28,650 M.C,; Expt. VIII, 26-541 at 40,110 M.C. and 35-842 at 63,030 M.C. ; Expt. IX, 
38-960 at 68,760 M.C. and 39-554 at 72,197 M.C.; Expt. X, 39-801 at 94,724 M.C.; 
Expt. XI, 38-220 at 180,010 M.C. (not plotted). 


mgm., in the first half, 7.¢., there was still an apparent assimilation of 0-022 
mgm. in excess of the rate of respiration. This value, however, is not included 
in the graph. In the subsequent half of the experiment which commenced 
at 12 noon a light intensity of 5,730 M.C. was supplied. Under this light 
the assimilation rose to 10-287 mgm. In Experiment II in the earlier part 
an illumination intensity of 28,650 M.C. was supplied, the photosynthetic 
value reached being 11-010 mgm. On later raising the light to 40,110 M.C. 
the assimilation averaged 13-678 mgm. Both these experiments show a rise 
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of assimilation with increasing illumination but the rise is not uniform, it 
being greater between 28,650 and 40,110 M.C. than at the earlier range 
(5,730 and 28,650 M.C.). 


Experiment III was started with the higher light given in the last ex- 
periment (40,110 M.C.) when the assimilation averaged 13-682 mgm. showing 
good agreement with the value obtained in the last experiment under 
identical light. On raising the light to 68,760 M.C. the assimilation value 
mounted to 17-237 mgm. Raising the light intensity further to 72,197 M.C. 
in the next experiment (IV) did not materially alter the value which 
averaged 17-166 mgm. and gave indications of light having ceased to be 
limiting, and some other factor, CO) or temperature or both having come 
to act as the limiting one or ones. 


Administration of a higher light, 94,724 M.C. in the next oneal 
(V) was not followed by an appreciable increase in the photosynthetic rate 
which averaged 17-556 mgm., thus showing that the maximal limit of assimi- 
lation had been practically reached at 68,760 M.C. under the normal atmos- 
pheric supply of carbon dioxide. Experiment VI deals with the exposure 
of the radish leaf to a very intense illumination of 1,80,010 M.C. in which a 
metal concave mirror fastened behind the 1,500 watt Osram lamp and a 
condensing lens in front of it secured this intense beam of light. The initial 
assimilation value under this light is 16-840 mgm. showing a slight depres- 
sion below the maximal level of assimilation reached in a light of 68,760 
M.C. in Experiment III. The initial value is used for comparison in this 
case instead of the mean value because the subsequent readings show the 
operation of a time factor. 


It may thus be inferred on the basis of the experimental evidence col- 
lected on the light-assimilation relation under normal concentrations of 
catbon dioxide, that assimilation can take place in a wide range of light 
intensities. The lowest limit when the intake of carbon dioxide apparently 
ceases lies when the illumination is in the vicinity of 4,000 M.C. at which the 
compensation point is reached. In other words, the respiratory outgo of 
carbon dioxide balanced the assimilatory intake of this gas in the illumina- 
tion approximating 4,000 M.C. in intensity. With increase in the intensity 
of illumination beyond this range, assimilation continuously increases reach- 
ing a level phase only at an intensity equalling 68,000 M.C. when the curve 
also assumes a level course. With still further augmentation in illumination 


intensity, the level phase shows a decline only when light is in the vicinity 
of 1,80,000 M.C. 


The minimum, optimum and maximum cardinal points for radish thus 


lie in the neighbourhood of 4,000, 68,000 and 1,80,000 M.C. respectively. 
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These light intensities are characteristic of winter season in the sub-tropics 
where the above series of experiments were conducted, and may not 
necessarily hold good for the temperate regions where the plants are adapted 
to lower intensities of light in contrast to the high illumination conditions 
obtaining in these regions. 

The rate of photosynthesis under varying light intensities and medium 

concentration 

In this series of experiments (VII-XII) the photosynthetic performance 
of ‘young-mature’ radish leaves gathered from plants 30-36 days old was 
studied at varying intensities of light under a partial pressure of carbon 
dioxide about ten times higher than the normal, that is, 0-52 mgm. per 100 c.c. 
of air. The temperature averaged 29°C. The results are presented in 
Fig. 1, curve II. The gerieral form of the curve is essentially similar to the 
one obtained at the lower carbon dioxide concentration. There is a rise 
of assimilation from 5,730 to 72,197_M.C. beyond which the curve passes 
into the horizontal portion where increase of light intensity is not attended 
by any sensible increase of photosynthesis. The rising limb of the curve 
does not show a uniform rate of increase in assimilation throughout the 
wide range of light intensities. At the lower light intensities from 5,730 
to 28,650 M.C., there is a slow rise of assimilation, followed by a steeper rise 
between 28,650 and 40,110M.C. From 40,110 to 68,760 M.C. the rate of 
increase in assimilation falls off from its high level at the previous medium 
range of light intensities, though still it is higher than the rate at the lower 
ones. That there is no marked proportionality between the photosynthetic 

TABLE I 
The relation between the relative intensities of light and the rate of 
photosynthesis under two concentrations of carbon dioxide 


Ratio | cone, | Ratio Gos conc. | Ratio 

5,730 10-287 mgm. 11-562 mgm. 

1:5-00 1:1-07 1:1-19 
28,650 11-010 mgm. 13-768 mgm. 
28,650 11-010 mgm. 13-768 mgm. 

1:1-4 1:1-24 1:1-92 
40,110 13-678 mgm. 26-541 mgm. 
40,110 13-678 mgm. 26-541 mgm. ) 

1:1-71 1:1-26 >|1:1-46 
68,760 17-237 mgm. 38-960 mgm. } 
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activity and the intensity of illumination at the light intensities which we 
have designated lower is evident from Table I. 


This appears to be reconciled with the generally held opinion based upon 
the work of Kreusler,? Pantanelli,>5 Weis (from 8), Harder? and others that 
photosynthesis is approximately proportional to illumination at the lower 
light intensities when we recall the fact for example that Harder’s lower 
light intensities were indeed very much lower (666 and 2,000 M. C. only) 
and that our lower light intensities really constitute almost the upper 
limit in Harder’s scheme of light intensities. Anything like a proportionality 
only appears to exist at the very lowest light intensities of the order of 667 
and 2,000 M.C. Blackman and Matthaei’s assumption! that with all inten- 
sities of light the amount of assimilation is proportional to the light 
intensity has not come within the range of our experience for verification. 
Under the particular conditions under which our data have been obtained 
such a proportionality does not exist. 

But apart from the lack of proportionality which these results exhibit 
they have a more fundamental significance. It will be recalled that Lunde- 
gardh* working with Nasturtium, a sun plant, found that the rate of assimi- 
lation increases upto one quarter of sunlight at the normal carbon dioxide 
content of the atmosphere (0-057 mgm. per 100 c.c). This is a finding which 
may well be applicable on an average to the sun plants of the temperate 
climes but as our data show, it cannot be held to be valid for the widely 
changed conditions in the sub-tropics, where a sun plant like radish conti- 
nues to show a measurable rate of increase in photosynthesis upto about 
three-quarters of the average sunlight* of the winter months (?.e., upto 
68,760 M.C., vide curve I, Fig. 1). This is obvious since for plants growing in 
temperate regions, where the intensities of solar radiation and temperature 
are low, the optimal factor intensities for growth, assimilation etc. should 
be identified with lower concentrations of such factors. On the other hand 
in the tropics the intensities of solar radiation and temperature are much 
higher than in the temperate zones with the result that plants get natur- 
ally adapted to higher illumination and temperature. On these grounds 
we are in a position to explain why radish leaves continue to carry on 
rapid assimilation in intensities of light many times higher than those 
recorded for plants in the temperate zones. The optimal values are thus 
higher in the tropics in contrast to the lower ones in the temperate 
regions. Not only is this true of radish, but of other tropical crops like 
wheat, linseed, sugarcane also, in which assimilation has been studied under 


* The intensity of sunlight in winter months approximates 86,000 M.C. 
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varying combinations of external factors for which reference may be made 
to a previous communication.6 All such observations justify our con- 
clusions on the adaptability of tropical leaves to higher illumination 
conditions. More or less similar variations should occur in the minimum 
and maximum ranges of factor intensity in different climatic zones, a fact 
to which we shall call attention in another communication. 

From about three-quarters average sunlight to twice average sunlight 
practically the same rate of assimilation is maintained and the first evi- 
dence of a depression in the rate of photosynthesis occurs at a light intensity 
of 1,80,010 M.C. where the initial value of assimilation recorded is 38.220 
mgm. The subsequent values as in the corresponding experiment at the 
lower concentrations of carbon dioxide show the action of a time factor. 


Time Factor at high light intensities 
In Table II are presented the successive hourly values of assimilation 
under varying moderately high or high illumination intensities supplied in 
experiments conducted either with a low carbon dioxide concentration 
(0-054 mgm. per 100c.c.) or with a medium carbon dioxide concentration 


TABLE II 
Hourly march of real assimilation per 100 sq. cms. under varying 
intensities of illumination. CO concentration and temperature 
being 0-054 or 0-520 mgm. per 100 c.c. and 29-05° C. respectively 


Assimilation in mgm. of carbon dioxide 
Experiment Tilumination 
No. in MC, 
Ist hour 2nd hour 8rd hour 
Ill 40,110 13 -674 13 -682 os 
68,760 17 -220 17 17 
IV 72,197 17-142 17-170 17 -186 
Vv 79,724 17 -612 17 -564 17 -492 
VI 1,80,010 16 -840 16 -680 16 -484 
VIll 40,110 26 26-560 
63,030 35-818 35 -866 
x 94,724 39-789 39-813 
XI 1,80,010 38 +220 38 -042 
94,724 39-760 
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(0-52 mgm. per 100 c.c.). A perusal of the table shows that till 72,197 M.C. 
the hour-to-hour values show fair constancy. At 94,724 M.C. there is 
the first indication of a fall in the hour-to-hour values. However, a marked 
fall in the successive hourly values occurs at a light intensity of 1,80,010 M.C. 
In Experiment XI following the exposure to this high light intensity, at 
which a time factor is in evidence in the successive hourly values, the leaf 
is subjected to a relatively lower illumination intensity of 94,724 M.C. 
when the assimilation recovers the level 39-760 mgm. reached in an inde- 
pendent experiment at that light intensity (cf. the value 39-801 mgm.). 
This recuperative photosynthetic behaviour suggests that exposure to this 
strong intensity of light of 1,80,010 M.C. at any rate for a limited period 
is not followed by any permanent injury to the leaf, and that the cause of 
the photosynthetic decline at this high intensity of light is to be sought 
most probably in the inactivation of its chloroplasts. The fact that the 
leaf emerges from this high light treatment without being bleached and 
with its original green tint intact appears to support the ‘inactivation’ view. 


Summary and Conclusions 


At the normal atmospheric pressure of carbon dioxide the intensity 
of assimilation increases measurably with the intensity of illumination upto 
68,760 metre candles in radish leaves in the sub-tropics. 


At a ten time atmospheric concentration of carbon dioxide the rate of 
assimilation continues to increase with the intensity of illumination to a 
slightly higher illumination intensity of 72,197 metre candles. 


Depression in the photosynthetic activity of radish leaves appears to 
occur for the first time at a light intensity more than twice the average sun- 
light in the winter months in these regions. An appreciable time factor 
sets in at a light intensity of 1,80,000 metre candles. 


This depression in the photosynthetic rate appears to be connected with 
the inactivation of chloroplasts and is capable of reversal under reduced 
light intensity provided the exposure to the higher light intensity has not 
been prolonged. 


The threshold light intensity for photosynthesis is in the neighbourhood 
of 4,000 metre candles for radish leaves in these regions. The minimal and 
optimal cardinal points herein mentioned though characteristic of the 
winter season in the sub-tropics should not necessarily apply to the 
temperate regions where the plants are adapted to lower intensities of 
light in contrast to the high illumination conditions obtaining in these 
regions. 


ade 
on- 
ion | 
um | 
act | 
ght 3 
sity 
220 
the : 
OF. 
ion 
ion | 
ion 


62 B. 


Blackman, F. F., and 
Matthaei, G. L. C. 

Harder, R. 

Kreusler, U. 

Lundegardh, H. 

Pantanelli, E. 


Singh, B. N., and Lal, K. 


Singh, B. N., and Kumar, 
K, 
Stiles, W. 


N. Singh and K. Kumar 


LITERATURE CITED 


“Experimental researches on vegetable assimilation and 
respiration. IV. A quantitative study of carbon dioxide 
assimilation and leaf temperature in natural illumination,” 


Proc. Roy. Soc. (B), 1905, 76. 


. “Kritische Versuche zu Blackman Theorie der ‘begren- 


zenden Faktoren’ bei der Kohlensaureassimilation,” Jahrb, 
f. wiss. Bot., 1921, 60, 531-571. 


“Uber eine Methode zur Beobachtung der Assimilation und 
Atmung der Pflanzen und uber einige diese Vorgange 
beeinflussende Momente,” Landw. Jahrb., 1885, 14, 913-965, 


Environment and Plant Development, Edward Arnold & Co., 
London, 1931. 


“Abhangigkeit der Sauerstoffausscheidung belichteter Pflan- 
zen von ausseren Bedingungen,” Jahrb. f. wiss. Bot., 1903, 
39, 167-228. 


“Limitations to Blackman’s Law of Limiting Factors and 
Harder’s Concept of Relative Minimum as applied to 
Photosynthesis,” Plant Physiol., 1935, 10, 2. 


“Photosynthetic behaviour of leaves to variations of tempera- 
ture,” Proc. Ind. Acad. Sci., 1935, 1, No. 11. 


Photosynthesis, Longmans, Green & Co., London, 1925. 


1 
C 
a 
f 
7 
‘ 


CYTOLOGICAL STUDIES IN SAFFLOWER* 
(CARTHAMUS TINCTORIUS LINN.). 


By P. J. Grecory, M.A., Ph.D. (Lonp.), F.R.M.S., F.L.S. 


(From the Oil-Seeds Section, Agricultural Research Institute, Coimbatore.) 


Received April 20, 1935. 
(Communicated by Dr. J. S. Patel, ph.p.) 


Introduction 


Carthamus tinctorius (commonly known as Safflower) is a plant belonging 
to the family Composite. It is cultivated more or less all over India on 
account of the florets, which are used as a dye-stuff and the seeds as a source 
of oil. Due to the introduction of aniline dyes to so many of, the purposes 
for which Safflower was formerly used, the importance of the plant as a 
dye-stuff has considerably decreased in recent years. The plant is more 
important now as a source of oil from the seeds. ‘The oil is clear and yellow 
and is suitable for burning in lamps. It is used locally for culinary purposes 
and is said to form an ingredient of the ‘‘Macassar Hair-oil’’. A medicated 
oil is generally prepared from the plant for external application in rheuma- 
tism and paralysis, and the seeds are used in laxative preparations. The 
oil is usually adulterated with groundnut and sesamum oils to form the 
sweet-oil of bazaars. 

Owing to the economic importance of the plant, a study of the different 
varieties is at present undertaken at the Imperial Institute of Agricultural 
Research, Pusa. As its Cytology—even the chromosome number—has not 
been worked out so far, the author undertook an investigation of the same 
at the Agricultural Research Institute, Coimbatore. The results of the 
investigation are embodied in the present paper. 

Material and Methods 


Seeds of Safflower were germinated in petri-dishes between two sheets 
of blotting paper which were previously soaked in Knop’s solution. Root- 
tips were cut off about half a centimetre from the end and fixed in the fol- 
lowing fluids, an air-pump being invariably used in all cases to ensure 
thorough penetration of the fluid. 

The fixing fluids were :— 

(1) Flemming’s medium fluid. 
(2) La Cour’s fluid 2BE. 
(3) Nawashin’s fluid. 


*Contribution No. 4, from the Oil-Seeds Section, Madras Agricultural Department. 
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Of these, Flemming’s medium fluid and Nawashin’s gave the best results, 
After fixing for 24 hours, the material was washed in running water for 
another 24 hours. Dehydration was done in alcohol grades ranging from 
5-100%. The material was then cleared in chloroform and embedded in 
56°C. paraffin. Sections ranging in thickness from 10-15 were cut and 
stained in Iodine-gentian-violet as per scheme given by La Cour (1931). 


Description 


This paper deals mainly with the stages of somatic cycle of Safflower 
chromosomes with special reference to the chromosome number and the 
prophasic and anaphasic structure in relation to the chromomeric hypo- 
thesis of chromosome structure. 

The Chromosome Number.—The cytology of this plant has not been 
worked out so far. This investigation has resulted in ascertaining the 
chromosome number for the first time. A number of somatic metaphase 
plates from the cross-section of root-tips were counted in the two varieties 
studied. All of them gave 20 as the 2” number. One such metaphase 
plate is shown in Fig. 4. The chromosomes vary slightly in size and in the 
position of the constriction. Some have median constriction while others 
have submedian constriction. At the early metaphase, each chromosome 
presents a double spiral constitution with reversal in the direction of coiling 
in some cases at the constriction with the result that the direction of coiling 
is in opposite directions in the two arms of the chromosome. More about 
the structure of the metaphase chromosomes will be said in connection with 
description of the somatic cycle. 


Somatic Chromosome Cycle.—In describing the somatic cycle of chromo- 
somes, it is customary to begin at any one particular stage, and in this de- 
scription the author wishes to commence the cycle with the prophase and 
through metaphase, anaphase, telophase and interphase to come back again 
to prophase and thus complete the cycle. 

Prophase.—At the early prophase, the cells are more or less rectangu- 
lar in surface view of a longitudinal section with a fairly large nucleus occu- 
pying the centre of the cell as shown in Fig. 1. Inside the nuclear membrane 
which is very clear at this stage, there are a number of loose, thin threads 
and one or two nucleoli. In most cells, the number of nucleoli varies from 
one to three. The constitution of the chromosomal threads is fairly clear 
at the next stage shown in Fig. 2. Each thread is unmistakably double 
at this stage presenting the appearance of a loose twisted cord. It is signi- 
ficant to note here that the same threads at the same stage presented a 
beaded appearance in deeply stained preparations simulating the so-called 
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“Chromomeres” reported by some previous workers. This point is of im- 
portance in discussing the chromomeric hypothesis of chromosome structure. 


As the cell advances in the somatic cycle, the chromosome threads 
gradually contract with the result that they become thicker and more pro- 
nounced. At the mid- and late prophase stages, the duality is more clear 
and the twisting is more compact as shown in Figs. 2 and 3. The nucleolus 
which was deeply stained in the early prophase, becomes less stained and 
gradually diminishes in size as the cell advances in prophase. When the 
cell reaches the late prophase as shown in Fig. 3, the nucleolus has com- 
pletely disappeared. The fate of the nuclear membrane is also fairly similar 
to that of the nucleolus through the stages of prophase. First it is fairly 
clear and pronounced and gradually gets finer and finally disappears when 
the cell enters the metaphase. 


Metaphase—The transition from the prophase to the metaphase is 
gradual. The salient features of the nucleus during this transition period 
are, contraction of the dual chromosome threads from their loose and thin 
constitution to a more compact and thick twisted cord, the disintegration 
of the nucleolus and nuclear membrane and finally the shifting of the chromo- 
somes from a peripheral position to a more central region of the nucleus. 
As the chromosomes are evenly spread in the cell at the metaphase, their 
counts are easy here and in all cases the counts gave the 2” number as 20. 
A metaphase plate with 20 chromosomes is shown in Fig. 4. 


The structure of the chromosomes at this stage is fairly discernable 
as far as the primary spiral is concerned. Each chromosome has a constric- 
tion, with two arms, each arm presenting a twisted aspect and the direction 
of twisting is in most cases in opposite directions in the two arms. It was 
not possible to make out clearly the direction of twisting in all the chromo- 
somes. The dual forked ends of each arm of the chromosome indicate that 
unwinding of the spiral occurs towards the constriction as a preliminary 
to separation at the anaphase. At the late metaphase, when the chromo- 
somes are seen in side view after the unwinding of the primary spiral, each 
of the sister chromatids shows a moniliform appearance indicating duality 
for the daughter chromonemata as shown in Fig. 5. At this stage the 
chromosomes are arranged on the equatorial region of the cell. The spindle 
fibres are soon organised and the cell passes on to the anaphase. 


Anaphase.—This stage in the somatic cycle commences with the organ- 
isation of the spindle fibres which attach themselves to the constriction 
of the chromosomes and extend to either poles. In the succeeding stages 
of anaphase, the daughter chromosomes are gradually pulled to the poles, 
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probably by the contraction of the spindle fibres. Three progressive stages 
of anaphase pulling are shown in Figs. 6, 7 and 8. 

The structure of the anaphase chromosomes from the early stage of 
pulling to their arrival at the poles needs special mention. The beaded 
aspect of the daughter chromosomes seen at the late metaphase becomes 
more pronounced at the early anaphase (Fig. 6), and at the mid-anaphase, 
the duality of the daughter chromosomes going to the poles is clearly discer- 
nible. One fact deserves special mention here. In the somatic cycle, duality 
of the chromosomes was noted in the prophase. In the next stage, namely, 
metaphase, there is separation of the components of the dual thread and 
subsequent pulling at the anaphase. Now, if duality is to be noted in the 
daughter chromosomes going to the poles, it is clear that splitting of each 
daughter chromosome must have taken place sometime during the late pro- 
phase or early metaphase. Another point of importance to be emphasised 
here is the mode or direction of split in the daughter chromosome. If it is 
a straight split as observed by most of the previous workers, since the ana- 
phasic chromosomes present a dual twisted aspect, it is necessary to assume 
that re-twisting has occurred in the parallel strands, which is contrary to 
the observational evidence from this material of the sequence of events from 
metaphase to anaphase. At the late metaphase, a beaded aspect and at 
the early anaphase a dual twisted aspect were observed in the daughter 
chromosome and hence the assumption of a spiral split (Koshy, 1933) is more 
in agreement with the observation in the present material than that of a 
straight split advocated by most of the previous workers. 

As the chromosomes approach the poles, further contraction occurs in 
the chromonematic coils and the characteristic clumping occurs to form the 
“‘tassement polaire’”’ stage as shown in Fig. 9. ‘This is the stage of maximum 
contraction for the nuclear materials and during the next stage (telophase), 
gradual elongation of the chromosome spirals occurs. 

Telophase.—This stage commences with the expansion of the polar 
clumps. Soon a limiting membrane is organised for each of the polar groups 
and the contracted chromosomes begin to expand. At this stage certain 
clear spaces resembling vacuoles or “‘ alveoles’’ are observed in the chromo- 
some thread as shown in Fig. 10 and on closer examination, it is clear that 
those spaces are caused by the telophasic expansion of the dual twisted coils 
of each daughter chromosome. As the stage advances, the chromonematic 
threads gradually lose their chromaticity and the nucleolus also makes its 
appearance in each daughter nucleus as shown in Fig. 11. 


Even during the ‘‘tassement polaire” stage (Fig. 9), signs of thickening 
were visible at the equatorial region of the spindle. This is the first 
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indication of the formation of the cell-plate between the daughter nuclei. 
As they advance in the stages of telophase, a clear area is noticed along the 
equatorial plate simulating a longitudinal split of the plate (Fig. 10). This 
thickening and subsequent split which was originally confined to the central 
region of the cell, extend up to the cell-walls on either side and thus the 
daughter cells are separated as shown in Fig. 1]. At this stage the nuclear 
wall is fairly clear and the chromosomes are seen as loose, thin, intertwining 
threads. The nucleolus becomes more chromatic and bigger in size. 


Interphase and Resting Stages.—In most cases the daughter cells pass 
on to the next division without a long period of rest. In such cases the 
telophasic chromosomes pass on directly to the prophase condition which is 
initiated by the longitudinal contraction and consequent thickening of the 
twisted chromonemata of each chromosome. One such daughter cell is 
shown in Fig. 12. But in cells with a definite resting stage, the chromonematic 
components of the chromosomes are thrown into zig-zag folds simulating 
anastamosing described by earlier workers. But since the chromosomes 
emerge at the next prophase as the same dual twisted threads, there is every 
reason to believe that the individuality and duality of the chromosomes 
are kept up even during the resting stage where such a stage occurs. 


From the early prophase, the events described above for the somatic 
cycle are repeated with great regularity and thus the cycle continues. ‘The 
foregoing description of the somatic chromosome cycle of Safflower shows 
one important fact namely that the chromosomes originate and persist as 
a double spiral in almost all the stages of the cycle and that the different 
appearances of the chromosomes in various stages of the cycle are due to 
the different degrees of expansion and contraction of the chromonematic 
components of the chromosome. 


Discussion 


The discussion of the various controversial points raised in the fore- 
going description, requires, at the very outset, a preliminary survey of the 
three main theories that have been put forward from time to time to explain 
the structure of chromosomes. 


Alveolation Theory.—According to this theory, the chromosome is built 
up of a homogeneous substance which at telophase assumes a vacuolar 
structure by the appearance of numerous vacuoles or ‘‘alveoles’’ in it. The 
teticulum of the resting stage is formed by the lateral anastomosing of ad- 
joining chromosomes. The chromatin material of each chromosome at the 
succeeding prophase condenses to form a zig-zag thread which by gradual 
straightening and thickening forms the metaphase chromosomes. This 
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hypothesis was foreshadowed by van Beneden’s, but worked up into a theory 
by Gregoire (1903) and his school of cytologists. Sharp (1913, 1920), 
Lundegardh (19126), Nemec (1910), Digby (1914, 1919) and some others 
were supporters of this view. 


Chromomere Theory.—According to this theory, the chromosome is 
supposed to be made up of an achromatic matrix on which are embedded 
small chromatic granules called chromomeres, which are quite evident 
during the prophase stages of both mitosis and meiosis. This theory was 
originated by Pfitzner in 1880 and the granules were first called ‘‘ Pfitzner’s 
granules’. Fol first used the term ‘‘Chromomere”’ in 1891 as equivalent 
to a chromosome, but later this term has come to be used for these granules. 
It might be recalled here that when the cytological basis of heredity became 
more and more evident, investigators pitched upon the chromosome as the 
bearers of hereditary qualities. But when the number of chromosomes 
were limited to account for the vast array of heritable qualities expressed 
by any organism, it was necessary to get hold of some smaller units in the 
chromosome, and naturally in their eagerness to find these units, they re- 
presented these granular appearances as the visible units carrying aggregations 
of genes. 


Chromonema theory:—Of all the theories about the chromosome struc- 
ture, the chromonema theory or spiral theory of chromosome structure has 
received the greatest amount of attention and support in recent years. This 
hypothesis conceives the chromosome to be made up of two filiform threads 
in the form of an interlaced spiral supported on an achromatic cylindrical 
matrix. The spiral structure of chromosomes was first observed by 
Baranetsky in 1880 in the meiotic chromosomes of Tradescantia virginica. 
Later, it was observed by Bonnevie (1908, 1911) in the chromosomes of 
Ascaris and Allium. The name “Chromonema”’ was first given by Vejdovsky 
(1912) to these filiform threads when he noted them in Ascaris. Kaufmann 
(1926) has shown in Tvradescantia that the chromosomes at the anaphase 
consist of two interlaced chromonemata and that this duality continues 
into the telophase as well. At the late prophase, the chromosome is a 
quadruple structure in relation to chromonemata and a double structure 
in relation to the matrix. ‘his phenomenon continues in the metaphase 
till the time of anaphase when the separation of the daughter chromosomes 
takes place, and then, as already pointed out, the chromosome consists of 
two intertwining chromonemata. Almost similar observations have been 
made by Sharp (1929) in his re-investigation of the structure of large somatic 
chromosomes in a number of plants. Telezynski (1930) has supported most 
of the observations of Kaufmann in his study of the somatic chromosomes 
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in living material of the staminal hair of Tradescantia. Kuwada (1927, 
1934), Smith (1932), O’Mara (1933), Koshy (1933) are a few among others 
who have furnished evidence in support of the chromonematic structure 
of chromosomes in the different materials they worked with. It is noteworthy 
to mention here that recently there had been an effort to combine the chromo- 
meric and chromonematic theories by Hedayetullah (1931) and Perry (1932), 
who report a chromomeric structure in certain stages like the prophase and 
telophase and chromonematic structure in the metaphase and anaphase. 


With these three theories of chromosome structure in mind, it is necessary 
to examine the somatic chromosome cycle described above for Safflower. 


Regarding the Alveolar theory, it may be stated at the very outset 
that when the so-called “‘alveoles’’ are found to be misinterpretations of 
the appearance of the chromonematic coils during their telophasic expansion, 
it is not necessary to give any more attention to this view of chromosome 
structure. Further it is important to note here that Sharp who was a staunch 
supporter of this view till 1920, has dismissed it summarily as untenable 
in a later paper (1929), due to increasing evidence to the contrary. 


Prophasic Structure and Chromomeric Hypothesis.—As stated before, 
the chromomeric hypothesis is the chief topic of controversy in the cyto- 
logical world of to-day. Since there had been recently efforts to combine 
the chromomeric and chromonematic hypotheses in the same chromosome 
cycle, it is necessary to consider these views together. 


Many investigators have reported the presence of chromomeric granules 
in the prophase stages of both mitosis and meiosis. Some of the most im- 
portant of them are Strasburger (1911), Digby (1912) in Primula, Wenrich 
(1916) in Phrynotettix, Sands (1923) in Tradescantia and Belling (1928, 1931) 
in Ljiliaceous plants. Most of these observers upheld the chromomeric 
hypothesis of chromosome structure. But as the chromonematic structure of 
the chromosomes became more evident due to improvement in technique 
and microscopy, another set of investigators denied the existence of the 
so-called chromomeres as structural constituents of the chromosome, and 
gave various interpretations to the granular appearances in the chromosomes 
during the prophase stages of mitosis and meiosis. Some of the most im- 
portant of these earlier observers are Gregoire (1906), Sharp (1929) and 
Bolles Lee (1920). Gregoire failed to notice these granules in most cases 
and where observed, he explained them as being due to accidents of coagu- 
lation or local differences in density without any further significance. Bolles 
Lee interprets them as being caused by the twists and bulges of an interlaced 
thread. Among the recent investigators, the names of Smith (1932) in 
Galtonia, O’Mara (1933) in the generative nucleus of Lilium, Koshy (1933, 
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1934) in Allium and Gregory (1935) in meiotic prophase chromosoines of 
Elettaria may be mentioned. O’Mara explains the granular appearances 
as being due to the crests and bulges of the twisted thread being in sharp 
focus. Gregory from his observations in Elettaria, has been able to bring 
evidence of the dual twisted nature of the early prophase threads (leptotene) 
of meiosis and has explained the chromomeric appearance at this stage as 
being due to the optical effect of viewing a dual twisted thread under the 


microscope, especially when the spaces between the twists of the thread are 
filled with stain. 


The author has examined the present material with great care to see 
whether the same view is applicable to the somatic prophase thread as well. 
Convincing evidence has been obtained to show the real structure of the 
prophase chromosomes of the somatic cycle. Even from the early prophase, 
the dual twisted nature was noticed for the chromosome threads. The 
twists were loose and the threads thin in the early stages (Fig. 1); but as 
the prophase advanced, the threads became thicker due to longitudinal 
contraction and the twists became more compact (Fig. 2). At this stage 
a beaded appearance simulating the so-called chromomeres of ‘previous 
observers was noticed in deeply stained preparations, and it is easy for otie 
to mistake the structure of the above threads as being single with chromo- 
meric granules embedded on the matrix of the single thread. To test the 
accuracy of this appearance, the very same preparations were destained 
and then it was easy to find the same threads presenting a dual twisted aspect, 
and the so-called chromomeres of the deeply stained preparations were merely 
the optical effects of viewing an interlaced dual thread when stain is retained 
in the diamond areas formed by the twists of the spiral. 


This observation and interpretation of the chromomeric appearance are 
not, however, intended to deny the existence of carriers of hereditary qualities 
in the constitution of the chromosome. ‘The classical researches of Morgan 
and his school have established beyond question that the carriers of here- 
ditary qualities namely the genes are present in the chromosomes. But 
the questionable aspect of the whole problem is, whether these mere granular 
appearances called chromomeres are the actual visible units carrying aggte- 
gations of genes. When the true constitution of these granular appearances 
is explained as discussed above, the author, for one, cannot-give any such 
hereditary réle for these so-called ‘‘chromomeres”. In this connection, it 
is gratifying to note that this controversy over the subject is stimulating 
further research in the subject and investigators are concentrating their 
attention on materials with big chromosomes like salivary chromosomes of 
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Drosophylla to find out the actual regions in the chromosomes which carry 
the genes. Recent work of Painter (1934) is throwing further light on this 
subject and the disc-like bands, he has seen in those chromosomes can very 
well be interpreted on genetical grounds also as the regions carrying the genes 
or the “abode of the genes’’. 


The time and mode of split in the Daughter Chromosomes.—The next 
point to be discussed is the time and mode of split of the chromosomes in 
the somatic cycle. Views are at variance regarding the time in the cycle 
at which the chromosomes split for their separation during the anaphase. 
The mass of older literature on the subject supports the older view of Flemming 
(1880) that the splitting of the mother chromosomes occurs either prior to 
or at the metaphase and that the components of this split are separated at 
the same division. Of the recent investigators Darlington still holds that 
splitting occurs either at the resting stage or at the prophase of the same cycle 
to be separated in the same division. Mather and Stone (1933) state that in 
their irradiation experiments on the somatic chromosomes of Crocus, they 
found no “chromatid’’ breaks or translocations and that their experiments 
prove Darlington’s contention that chromosome-split occurs in the “‘resting 
stage” or prophase of the same division. But such an argument is not valid 
on the face of it, since the external agency, namely X-Ray, will affect in 
the same manner whether the chromosomes are single or double at the time 
of application of the Ray. Recently Huskins and Hunter (1935) have con- 
tradicted the results of Mather and Stone in their experiments on the effects 
of X-radiation on the chromosomes of Trillium erectum, by showing that 
“chromatid” breaks have occurred in their material and argue that split- 
ting occurs in the prophase of the division preceding separation. The mass 
of recent literature on the subject holds the view that splitting occurs at 
one division previous to the one at which the components of that particular 
split separate, or in other words the separating daughter chromosomes of 
this division are formed by the split which has occurred at some stage in 
the last division. Supporters of the Alveolar hypothesis of chromosome 
structure claimed that splitting occurs in the Telophase of the previous 
division by the fusion of the central vacuoles along the length of the chromo- 
some. But when the Alveolar hypothesis was disproved even by the earlier 
supporters of the same, telophasic split has gone to the back-ground. 
Recent papers on the subject hold the view that splitting occurs either 
in the prophase or early metaphase of the previous division. Some of 
these observers are Kaufmann (1926), Sharp (1929), Perry (1932), Smith 
(1932) and Koshy (1933). Gates (1932) in his survey of the recent 
advances in the study of Nuclear Structure states that the chromonemata 
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split at or just before metaphase of the preceding division at which 
the halves separate. 


From the author’s observation in the present material, there is no doubt 
that split occurs at some stage in the preceding division to the one at which 
the components of that split separate. The question to be decided is the 
exact stage in the previous cycle at which this split occurs. Prophase duality 
has been demonstrated and discussed. Components of this twisted cord 
are shown to unwind at the metaphase and separate at anaphase. Now if 
anaphase chromosomes going to the poles are also seen to be double and 
if beaded structure is noted at late metaphase, it is clear that splitting must 
have taken place either at late prophase or at early metaphase, and that the 
components of this split will separate at the succeeding division. 


Regarding the mode of split or line of cleavage, of the daughter chromo- 
nemata, most of the previous literature on the subject advocates a straight 
cleavage. If this view is correct and if the split in the daughter chromosomes 
is to take place at the early metaphase, we should find four parallel strands 
at the late metaphase after the unwinding of the primary spiral.. But on 
the contrary it is found that at the late metaphase only two parallel strands 
are seen, each strand being again a twisted thread. So if a straight split 
is accepted, it is necessary to assume that retwisting has occurred in the 
components in a short time to give again a twisted thread, which is contrary 
to sequence of events from prophase to anaphase. This difficulty can be 
surmounted by assuming a spiral split in each of the daughter chromonemata 


and in this respect the author agrees with the similar observation of Koshy 
(1933). 


Anaphasic structure and its bearing on the hypothesis relating to the differ- 
ence between mitosis and meiosis—Before concluding this discussion, it is 
necessary to consider the structure of anaphasic chromosomes and its bearing 
on the ‘‘Precocity Hypothesis” of Darlington, which tries to explain the 
difference between mitosis and meiosis and the cause of pairing in the latter. 
According to this theory (1931, 1932), Darlington assumes singleness for 
somatic anaphase and telophase chromosomes. Leaving aside the anaphasic 
duality observed by various competent investigators, he himself refuses to 
accept his own observation of a quadripartite structure in the somatic 
metaphase chromosomes of Scillee (1926) and dismisses it subsequently as 
an optical illusion, in order to bring it into agreement with his ‘‘ Precocity 
Hypothesis’’ which he enunciated later. After assuming the anaphase and 
telophase chromosomes to be single, he observes that the split which he 
advocates at the resting stage for somatic division, is delayed in the case of 
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a cell entering on to the meiotic cycle until the time of pairing of homologous 
chromosomes. Consequently he argues that in meiosis, the cause of pairing 
is due to the inherent tendency of attraction between single threads and the 
homologous pairs separate, the moment when this attraction ceases, due to 
split being initiated later in each of the pairing homologues. According to 
him, in the somatic prophase, the chromosomes are already split. Hence 
the tendency of chromosome threads to remain always in pairs is satisfied 
and so no pairing in mitosis, whereas in meiosis, according to his assumption, 
since the split is delayed, the tendency to remain in pairs is evinced by the 
pairing of homologous chromosomes. Huskins and Smith (1934, 1935) 
have given partial support to this hypothesis and have explained the pairing 
and separation of homologous chromosomes in meiosis as being due to ‘‘the 
attraction between pairs and repulsion between pairs of pairs” of chromosome 
threads. 


However attractive this hypothesis may seem to be in explaining meiotic 
pairing, we cannot overlook the increasing mass of evidence of anaphasic 
and telophasic duality of somatic chromosomes and the leptotene duality 
of meiotic chromosomes, all of which show that the precocity theory which 
assumes a singleness for leptotene threads to account for the cause of pairing, 
is untenable. The observation in the present material shows a dual aspect 
for the chromosomes in @l stages of the somatic cycle, especially in the pro- 
phase and anaphase stages. Mention may here be made of some recent 
investigators like Sharp (1929), Kaufmann (1926), Hedayetullah (1931), 
Perry (1932) and Koshy (1933), who also report the presence of anaphasic 
duality in the somatic chromosomes. Inthe premeiotic division of dipteran 
chromosomes duality has been demonstrated in the telophase by McClung 
(1928) and Robertson (1931). Since the premeiotic chromosomes later on 
function as the prophase chromosomes of the meiotic division, one should 
expect the leptotene threads to be double. Direct evidence of leptotene 
duality has been given by recent observers like Kaufmann (1932), in Trades- 
cantia pilosa, Smith (1932) in Galtonia, Koshy (1934) in Allium and Gregory 
(1935) in Elettaria. ‘The last mentioned author has shown in particular that 
the leptotene threads appear to be single when the granular appearance is 
taken to be chromomeres, but actually, in destained preparations the single 
threads became double with no chromomeres, as discussed before. 


So when leptotene duality is established by direct evidence as well as 
from observations of stages leading to that stage such as anaphasic and 
telophasic duality of somatic chromosomes, it is difficult to accept singleness 
for the early prophase chromosomes in meiosis which would account for the 


cause of meiotic pairing according to the precocity theory. So Darlington’s 
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supposed distinction between mitosis and meiosis, namely, a delay in prophasic 
split in the prophase of the latter, is untenable in the light of observations 
discussed above; but the actual difference between the two is a complete 
suppression of the prophase split in the heterotypic division of meiosis, 
because the chromosomes are already split and dual in constitution at the 
commencement of the meiotic cycle. 


The general conclusion to be drawn from the foregoing discussion is 
that the chromosomes retain a dual twisted aspect in almost all stages of 


the somatic cycle and that a chromonematic structure could only be advo- 
cated for Safflower chromosomes. 


Summary and Conclusions 

From a cytological investigation of the somatic chromosome cycle of 
Safflower the following summary and conclusions are drawn :— 

The 2m number of the chromosomes is ascertained for the first time in 
this plant, as 20 from several counts of the somatic metaphase plates. 

The stages of somatic cycle are described in detail and an interlacing 
dual aspect has been shown to exist for the chromosomes in almost all the 
stages of the somatic cycle. 


The three theories of chromosome structure are briefly reviewed and 
discussed. 


The dual, twisted aspect of prophase chromosomes is demonstrated and 
discussed with special reference to the chromomeric hypothesis of chromo- 
some structure. It is concluded that the chromomeric appearance seen in 
the prophase threads is due to the optical effects of viewing a deeply stained 
interlaced thread under the microscope, especially when stain is retained 
in the diamond spaces formed by the twists of the threads. 


Splitting of the daughter chromosomes is shown to occur in the preceding 
division—mostly in late prophase or early metaphase—for the separation 
in the-present division. 

The mode of splitting or the line of cleavage in the daughter chromosomes 
is discussed and the conclusion is drawn that the assumption of a spiral split 
is more in agreement with the sequence of events than that of a straight 
split. 

Duality and twisted aspect of anaphase chromosomes are demonstrated 
and their significance in relation to the “‘ Precocity hypothesis” explaining 
the difference between mitosis and meiosis, is described and discussed. It 
is concluded that thé difference between the two is not a delay in the split 
in the prophase of meiosis as assumed by the above hypothesis, but a com- 
plete suppression of the prophase split in the heterotypic division of meiosis. 
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In conclusion, the author wishes to express his sincere thanks to Dr. 
F. J. F. Shaw, Director, Imperial Institute of Agricultural Research, Pusa, 
for kindly suggesting this subject for investigation and to Dr. J.S. Patel, 
for giving facilities for work at the Oil-Seeds Section of the Agricultural 
Research Institute, Coimbatore. 
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EXPLANATION OF PLATES 


All the figures in plates represent various stages in the somatic chromosome cycle of Safflower 
and were drawn at table level with the aid of a Reichert camera lucida. Special care was 


taken to obtain critical illumination with the aid of colour filters. The magnifications of the 
figures are about 2000. 


Fic. 1.—Cell showing very early prophase of the nucleus. Note the fine interlacing aspect 
of the dual threads. 


Fic. 2.—Cell showing the mid-prophase stage. The prophase chromosomes at this stage are 
thicker due to longitudinal contraction and a beaded appearance simulating the 
so-called ‘chromomeres’ is noticed due to the more compact nature of the twists. 


Fic. 3.—A late prophase stage of the nucleus showing very clearly the dual twisted aspect oi 
the chromosomes. Note the bifid ends of most of the chromosomes. The nucleolus 


has completely disappeared and the nuclear membrane is in the course of dis- 
integration. 


Fic. 4.—Early metaphase plate showing the 27 number as 20. Note the reversal in the 
twisting in the arms of some of the chromosomes. 


Fic. 5.—Side-view of a cell showing the late metaphase chromosomes arranged on the equato- 
rial plate. Note that the major spiral has unwound and a beaded appearance is 


noticed for each of the daughter chromonemata, due to a spiral split having taken 
place in each. 


Fic. 6.—Very early anaphase showing the daughter chromosomes at the commencement of 
the pulling to the poles. The daughter chromosomes of the last figure, which 
show a beaded appearance are here seen to be dual twisted threads. 


Fic. 7.—Side-view of the mid-anaphase stage showing very clearly the dual twisted aspect of 
the daughter chromosomes going to the poles. 

Fic. 8.—A late anaphase stage where the daughter chromosomes have fairly reached the poles. 

Fic. 9.—The ‘tassement polaire’ stage showing the very: late anaphase when the daughter 
chromosomes show the maximum contraction. Note the thickening at the equatorial 
region of the spindle. 

Fic 


. 10.—Early telophase showing the expansion of the dual twisted threads, and the formation 
of the nuclear membrane around each polar group. Note the clear region across 
the equatorial thickening simulating a longitudinal split. 


Fic. 11—Late telophase showing the two daughter cells. The nuclear membrane is completed 
and the nucleolus has made its appearance in each daughter nucleus. 


F 


= 


. 12.—One of the daughter cells in resting stage showing the very loose dual chromosome 
threads with very little chromaticity. The nucleolus is highly chromatic at this 
stage with clear globules in it. 


a 


DISEASES OF PAN (P/PER BETLE) IN THE CENTRAL 
PROVINCES. 


By JEHANGIR FARpUNJI Dastur, M.Sc., 
Mycologist to the Government of C.P., Nagpur. 


Received April 20, 1935. 


PAN (Piper betle) is cultivated in many parts of the Central Provinces and 
Berar. It isa very valuable money crop. Wherever it is successfully grown 
it yields large profits. Since the last few years in many pan growing parts 
of the Province there have been outbreaks of diseases which have completely 
destroyed the affected gardens and so pan cultivation in these areas has been 
perforce abandoned at Ramtek, Drug, Nagpur and other places; and so the 
prosperity of the villages or tahsils where pan cultivation was once a flourish- 
ing industry has become adversely affected. Where there were formerly 
flourishing pan gardens are now dilapidated remnants of the old ‘‘chick- 
houses’’ completely overrun with weed. 


All over the Province two varieties of pan, viz., Bangla and Kapoori, 
are chiefly grown; but the methods of cultivation considerably vary from 
place to place. A brief account of some of these methods followed in various 
parts of the Province is given below. 


As pan plants grow best under temperate and moist conditions and as 
the texture of pan leaves is affected by exposure to sunlight, they are therefore 
invariably grown in enclosed shady places. The pan gardens are of two 
types. In one type of the garden pan plants are grown in “ chick-houses” 
and in the other type living plants are used as supports, shade and wind- 
breaks for the pan vines. 


The ‘‘chick-house” type of a garden, locally known as “‘tanda’’ or 
“‘berja’’, is common in most parts of the Central Provinces, whereas the 
other type is to be found in Berar and Nimar. As the initial expendi- 
ture of making a “tanda’’ and of maintaining it is very high it is generally 
rtin on a co-operative basis, several “‘baris’’ or pan growers forming a combine 
for the construction and maintenance of a “‘tanda’”’. 


A “‘tanda”’ is usually five to six feet high and about 170 feet in length, 
the area being 0-6 acre or more; it is an enclosed structure the four sides 
of which are made up of “‘tattis” or split bamboo frames covered with dry 
grass or dry sticks. They are supported against wooden or bamboo posts ; 
778 
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the roof is made up of light thatching material, such as grass. On one side 
of the “‘tanda’’ there are openings with doors which are made of the same 
material as the sides of the ‘‘tanda”’ ;, the number of the openings depend on 
the length of the side; exactly in front of the opening on the inner side of 
the tanda, there is a screen made of thatching to prevent wind blowing directly 
on the plants when the door is opened. 

The pan vines are supported on a framework made of split bamboo sticks. 

In Berar and Nimar pan is not grown in ‘‘chick-houses”’ ; the necessary 
moisture, shade, protection from wind and support for the vines is ensured 
by growing pan in a plantation of Sesbania aculeata (savari), Sesbania grandi- 
flora (agast), Erythrina Indica (pangara) and Moringa pterygosperma (sheoga). 

To prevent the inroads of stray cattle and animals the garden is sur- 
rounded by walls, about 6 feet high, made of thatching or dried stalks of 
cotton or “tur” (Cajanus indicus). ‘These walls serve also as wind-breaks. 

Soil_—As a rule the type of soil preferred is that which is well-drained, 
such as alluvial soil, sandy loam or loamy soil of a light colour ; soil that can 
hold water without becoming clayey, is suitable ; clay loams, heavy clays or 
calcarum soils are not suitable. 

Cultivation—In Berar* the land reserved for pan planting is ploughed 
either with a wooden or iron plough about the middle of April, and 
manured with Farm Yard Manure at the rate of about 50 carts per acre. To 
get the soil well pulverised ‘‘bakharing”’ is done after ploughing. After the 
break of the monsoon, beds, locally called ‘‘bare’’, are laid out. They are 
usually 9 feet square. On their four sides, are ridges one foot broad and 
six inches high; on one side of the “‘bare’’ there is an irrigation water 
channel, one foot wide, running through the middle of the “‘bare’’, and at 
right angle to the water channel there is another similar ridge dividing the 
“bare’’ into two compartments, each known as “‘wafa’’. There is an inlet 
for the irrigation water from the main water channel in one of the two ‘“‘wafas’’, 
and from this “‘wafa” the water passes into the second “wafa’’ through 
an opening in the middle of the central ridge dividing the ‘“‘bare’’ into two 
“wafas”. (Vide sketch No. I.) 

About the first week of June seeds of savari (Sesbania aculeata), sheoga 
(Moringa pterygosperma) and ambadi (Hibiscus subdariffa) are sown; two 
pounds (by measure) of savari seeds and half a pound of ambadi are used per 
100 beds. Savari is sown thickly on both the margins of a ridge ; two sheoga 
seeds are sown on each ridge which run parallel to the length of a ‘““wafa”, A 


* I am indebted to Mr. S. G. Mutkekar, Deputy Director of Agriculture, Western Circle, 
Amraoti, for the valuable information he has given me regarding pan cultivation in Berar, 
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SKETCH No. I. 


A.—Ambadi. 
B.—Betel vines. 
P.—Pangara. 
S.—Sheoga. 
.....—Savari. 


pangara cutting, about two to three inches thick in diameter, is planted at 
each end of the ridge; another pangara cutting, about five to six inches in 
diameter, is planted in the centre of each alternate ridge which forms the 
unbroken long side of a “‘wafa”’. Irrigation is given as required. 

Pan cuttings are planted from the middle of August to the end of Sept- 
ember. Usually 17 cuttings are planted in each “wafa”’, but at times as 
many as 25 cuttings are planted. Invariably an odd number of cuttings are 
planted, the same number of pan cuttings on each ridge on the long side of 
the ‘‘wafa”’ and one cutting in the middle of the small ridge farther away 
from the water channel. A pan cutting has usually four to six nodes; half 
the length of the cutting is underground. Before cuttings are planted, 
seedlings of savart and other plants are thinned out, the seedlings of savari 
being left one to two inches apart; at the same time the water channel is 
repaired if necessary. 


After the pan cuttings are planted, the “‘wafas”’ are irrigated daily for 
one week. About a week after the planting new earth is added to the ridges 
and furrows of the bed at the rate of four baskets per bed. From the 
second week irrigation is given every alternate day for about a fortnight ; a 
month after planting the cuttings Farm Yard Manure at the rate of five carts 
per 100 beds is given, and the beds are irrigated as required every third or 
fourth day. 
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Savari is thinned about four times ; at the end of the year savari plants 
are about one foot apart. Precautions are taken to prevent the pan leaves 
being crushed or squashed by the pressure of savari branches and leaves and 
at the same time to keep the pan leaves well shaded from the sun. 

The pan vines are supported against savari plants and every two months 
the tops of the vines are tied to them with plantain fibre. 

A second application of manure is given in December or January at the 
rate of five carts per 100 ‘‘ wafas’’. 

Ambadi, when mature, is harvested ; the stalks are utilised for extract- 
ing fibre. 

In January the temporary “‘tattis’’ are removed and replaced by new 
permanent “‘tattis”, 10 to 12 feet high made of bamboos, cotton stalks and 
similar other material. 

About the end of March a second dose of new earth is applied. 


In the month of June of the second year the operation of lowering of the 
vines is done. The whole of the vine, except its lower part upto about a 
height of 18 inches from the ground surface, is removed from its supports to 
which it has got attached, is rolled into a bundle and buried underground. 
The second year about 13 plants per “‘wafa”’ are allowed to stand, the rest 
being removed. As the vines grow their tops are tied to their supports once 
every fortnight. 

After the vines are lowered bamboos are fixed on the ridges ; about 1,000 
bamboos are required for 100 ‘‘wafas’’; about 10 vines per ‘“wafa’’ are 
supported on the bamboos, and the rest of the vines are supported on pangara 
or sheoga plants. Irrigation is given as found necessary, in summer every day, 
in winter every alternate day. 

Leaf picking begins about the end of October and is continued for about 
a month and a half. 


In February the tops of savari plants are pruned if they have grown 
very high. The vines are at the same time lowered, rolled into bundles and 
tied to the lower parts of the support. These lowered vines are not buried 
underground. Before the vines are lowered the “‘wafas”’ are manured at 
the rate of five carts of Farm Yard Manure per 100 “‘ wafas”’. 

In March new earth is applied both to the furrow and ridge. A second 
dose of earth is given in June and July. 

In the third and following years, lowering of vines once a year, in 
February, is done ; manure is given twice a year, in June or July and December 
or January ; fresh earth is applied in February or March and June, and the 
water channels are repaired and strengthened twice a year. 
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The pan gardens in Berar are kept for 4 to 6 years; sometimes a 
garden is as many as 12 years old. 


The varieties usually grown are Local Jalgaon, Deshi (Nagwelichi pan) 
and Bangla; Bangla, however, is not much favoured in Berar. 

In Morsi Taluq (Berar) the land reserved for pan garden is ploughed once 
and ‘‘bakhared’’ four times before the rains break. Farm Yard Manure at the 
rate of 20 to 25 cart-loads per acre is applied and at times sheep is allowed to 
fold on the land before the final bakharing is given ; the beds are prepared by 
the end of June after the commencement of the rains. Each bed is nine feet 
long and three feet broad ; ridges six inches high and twelve inches broad 


are made on all the sides of the bed; the beds are of two kinds and are 
laid out as per sketch No. II. 


SKETCH No. II. 
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Well rotted and well ground Farm Yard Manure at the rate of two to three 
baskets per bed is applied, only three of the ridges of a “‘wafa’”’ are manured, 
the one nearest the feeder water channel being left unmanured ; but all the 
four ridges of a ‘‘kalva” are manured. Seeds of savari, at the rate of 50 Ibs. 
per acre, are thickly sown on the manured ridges of a bed. At times plantain 
(Musa indica) and papaya (Carica papaya) trees are planted in the beds as 
secondary crops. About a month after savari seeds have been sown pan 
cuttings usually at the rate of 15 to 20 per bed, are planted on the ridges 
where the savari plants are growing. 


The pan vines are supported against savari plants and when they reach 
the top of their supports they are then trained down the supports; this 
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operation of climbing up to the top of the savari plants and then running 
down them takes about a year ; the vines are then removed from their supports 
rolled into rings and buried underground leaving the growing upper parts of 
the plants above ground supported against savari plants. This operation 
is repeated once every year for the next two or three years. As a rule a pan 
garden is maintained for four years when a new garden is started on another 
piece of land ; the old pan garden land is rotated for three or four years with 
other crops before it is replanted with pan. 

The pan garden is fenced on all sides with pangara trees, cotton or tur 
stalks covering the interspaces between the trees. 


In Basim (Berar) an acre of a suitable piece of land is divided into two 
halves ; one half is planted with pan and the other half with garden 
crops like turmeric (Curcuma longa), chillies (Capsicum spp.), tobacco (Nico- 
tiana tobacum) etc. Pan is grown on one half of the land for about five years 
at the end of which the neighbouring half is brought under pan cultivation 
and on the old pan land san hemp (Crotolaria juncea) is grown the first year 
followed by turmeric, chillies, tobacco and such other crops for about 
three years before pan is again replanted on this land. 

To make an enclosure for the garden living stumps of pangara (Erythrina 
indica) are planted two feet apart all round the garden area ; seeds of savari 
(Sesbania aculeata) and agasi (S. grandiflora) are sown between the pangara 
stumps. A good live fencing is thus made when the pangara stumps strike 
roots and savari and agasi plants have grown high. If there are any openings 
between the plants they are closed with cotton stalks. The beds are laid out 
as in sketch ITI. 


In all parts of the Central Provinces, except Nimar where pan cultivation 
in general is similar to that in Berar, pan is grown in ‘“‘chick-houses”. The 
many operations pertaining to the making and maintaining of a pan garden 
are not precisely the same in all parts of the Province. There are various 
modifications of these operations which are peculiar to particular localities, e.g., 
in some places only a single internode of a pan vine is sown as “‘seed”’, in 
other places the length of the cutting may be as much as 12 to 15 inches ; 
in some places watering is done by hand, in others by means of irrigation 
channels. 

A detailed account of the mode of pan cultivation in Timarni (Hoshanga- 
bad District) is given below :— 


Soil.—The soil preferred by the pan grower is what is known as “‘Mitta 
Jamean”’; it is welldrained and is found very suitable for Bangla 
variety of pan ; the second best type of soil is ‘“Sahra’’; it is of a yellow type. 
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SKETCH No. III. 


A 

2 2 
3 

A A 

3 B 

Watev- Channel 


Ridge on which Savari plants and Betel vines are planted. 

Space between ridges (8 ft. x 4 ft.) for holding water. 

Space known as Adgal for holding water and planting plantain trees. 
Ridge, 1 ft. wide and 6 in. high. 


“Gangari” variety of pan and Pipri (Piper longum) grow best on this soil. 
The site selected for a pan garden is always near a tank or where wells can 
be readily and cheaply sunk and water available at a depth of not more than 
10 or 12 feet below ground level. 


Construction of a Pan Garden.—The site selected for the garden is 
thoroughly weeded. It is then divided into parallel lines, the distance he- 
tween two lines being about 30 inches ; these lines indicate the position of the 
ridges to be made for the planting of pan cuttings; on each of these lines 
wooden posts are fixed about 5 feet apart ; and each post is about six feet 
high from the ground. These posts are joined together at the top by bamboos, 
split into halves ; which are in turn linked together by a trellis work of thin 
split bamboos—bamboos split into four parts; these thin bamboo sticks 
are about five inches apart. On this bamboo foundation of the roof of the 
“‘chick-house”’ is spread dried grass which is tied to the split bamboos. 

The soil is dug about six inches deep by a pick-axe ; the clods are broken 
and the ground is levelled; new earth is then heaped on the lines plotted 
for making ridges ; the whole area is well soaked with water. The following 
day ridges are made, about 6 to 7 inches broad and about 9 inches high. The 
making of the ‘‘chick-house” is completed by enclosing the whole area with 
tattis made of bamboos, ambadi stalks and grass, 
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The “‘chick-house”’ is constructed in January or February and pan is 
planted from the middle of February to April. 


There are two methods of planting pan. One is locally called “‘pindt- 
boni”’ and the other ‘‘keechad-boni”’. 


Pindi-boni.—For this method of pan planting the pan vine is cut into 
pieces, each piece having a single internode with one leaf and one “eye” or 
leaf bud. ‘Two such pieces are placed lengthwise side by side, along one edge 
of the ridge. Similarly other pairs are placed in a line, three pairs covering 
a length of about eight inches ; on the opposite edge of the ridge, there is 
a similar row of pairs of pan cuttings; the cuttings, but not the leaves, are 
covered with wet soil, which is well pressed down with a mallet made of mud. 
As soon as a ridge is planted, water is sprinkled over it and then completely 
covered with grass. Water is sprinkled twice a day for about three months 
by which time the leaf bud has developed into a shoot, about nine inches long. 
In about a month’s time the cutting strikes roots ; the grass covering is then 
thinned out and liquid manure made of fermented crushed linseed seed or 
linseed or til oil cake mixed with water is applied. About a fortnight later, 
the original pan leaf attached to the pan internode or cutting has regained 
its normal turgidity and stands erect above the ground surface, the grass 
covering is then completely removed. Bamboo sticks are now fixed to the 


ridges as supports for the growing pan vines. 


About three months after planting the cuttings the original leaves on 
the cuttings are removed and the new shoots which are about nine inches 
long are tied to the bamboo supports. The ridges are now irrigated not by 
sprinkling water on the plants but by pouring water directly on the ridges 
through a bamboo funnel. Water is carried in an earthen pot on the left 
shoulder of a cooly who walks on the furrow between the ridges and pours 
water on the ridge through a bamboo funnel about four feet long. Linseed 
or til oil cake is applied to the ridges. 


In about five months after planting—in July or August—the vines bear 
six or seven leaves each; the lowermost one or two leaves are then picked ; 
and thereafter leaf picking is continued once a week. By October or 
November the vines have reached their maximum growth. 


The following January or February the vines are detached from their 
bamboo supports; the vines are uprooted leaving six vines between two 
posts—the distance between the posts being about five to six feet. Before 
the vines are uprooted their leaves are picked. The bamboo sticks which 
serve as supports for the vines are removed ; the soil on the ridges is raked 
up and well watered so as to turn the soil into a paste; each of the vines 
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—-six in number between two posts—left rooted in the ground is then laid on 
the ridge on which it is growing; the stem is covered with earth but not the 
leaves. The same operations which were done the previous year when the 
cuttings were planted are carried out the second year except that the 
ridges are not now covered with grass. In October the vines are lowered, 
i.e., the vines are detached from their supports and rolled into coils which 
are tied to the supports. 


The second method of planting known as “‘keechad-boni’’ is done as 
follows :— 


The ‘“‘seed”’ is a pan cutting having three or four internodes. The 
preliminary operations are the same as in “pindi-boni’’. At the time of 
planting the ridge is soaked with water so that the soil forms a sort of a 
paste; the “‘seed” which, in this case, is a cutting having three to four 
internodes is placed lengthwise on either side of the ridge and is buried into 
the moist earth so that the stem is wholly covered with soil but not the leaves. 
The various operations of cultivation are the same as in “ pindi-boni’’ except 


that the cutting is not covered with grass and the plants are renewed every 
three years. 


It is uneconomical to maintain a garden of old plants as the yield of 
leaves is much reduced as the plant ages. Therefore the vines of one planting 
are allowed to grow for about four to six years. The garden is then replanted 
with a fresh supply of “‘seed’’ and the ‘“‘chick-house” repaired or rebuilt 
as required ; but the same ground is used for replanting the garden ; thus the 
garden may be renewed and replanted every 5 or 6 years; but the ground 
remains the same ; some gardens are reported to bea hundred years old. 

Rotation is not practised in Timarni. 


At Timarni along with pan pipri (Piper longum) is also cultivated as a 
mixed crop. Generally one pipri plant alternates with seven pan plants. 

The varieties of pan grown at Timarni are bangla, kapuri and gangeri, 
the first two are more commonly grown than the third variety. 

In most parts of the Central Provinces pan is grown in “‘chick-houses” 
and the plants supported on a framework of split bamboo sticks and not 
on living plants as in Berar and Nimar but there are many variations in the 
methods of cultivation. In places like Ramtek, Bhandak, Bhandara, Saugor, 
Jubbulpore the “seed” is a pan cutting having 3 to 5 internodes or about 
12 to 15 inches in length ; usually the top shoots are preferred for planting. 
The whole cutting is not buried underground but only the lower half, the 


leaves from this part of the cuttings are removed before planting. The 
cuttings are planted a foot apart. 
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In some places cuttings are not planted on ready-made ridges. 
The land after it has been dug up, levelled and manured is divided into a 
number of parallel strips ; each of the strips is about twelve inches wide and 
eighteen inches apart from its neighbours. The whole land is heavily irrigated 
the evening previous to planting ; the following morning cuttings are planted 
in parallel lines nine inches apart in the already plotted out twelve inches 
wide strips; the distance between two cuttings in the same line is nine to 
twelve inches. Two or three days later the eighteen inch space between the 
planted strips is well trampelled under foot ; a furrow, which serves as an 
irrigation channel, is thereby formed, and the planted strip is converted into 
aridge. The watering of the garden in Ramtek, Bhandara, Bhandak and other 
places is done by means of irrigation channels leading from the source of water 
supply which may be atank ora well near the gardens. ‘The main irrigation 
channel may pass and water several gardens. At Damoh, Saugor and Jubbul- 
pore watering is done by hand as at Timarni but the water is poured fn the 
furrows or water channels and not directly on the ridges as at Timarni. 

In places like Ramtek, Nagpur, Bhandara, Drug, Bhandak and Jubbul- 
pore the same land is generally used repeatedly for pan planting but it 
is allowed to lie fallow two or three years after the garden is broken up 
when it is four or five years old. But in Timarni, Damoh and Saugor the 
land is never rested but new “‘seed’’ is replanted once every five or six years 
on the same land with the result that several gardens are reported to be over 
a hundred years old. 

Diseases. 

The most important fungus diseases of pan in this Province are foot- 
tot (caused by Phytophthora parasitica var. piperina n. var. and Pythium 
piperinum n. sp.), leaf-rot (caused by P. parasitica var. piperina), and anthrac- 
nose (caused by Gleosporium sp. and Colletotrichum spp.); from foot-rot 
affected plants in some places, Sclerotium Rolfsii Sacc., Rhizoctonia bataticola 
(Taub.) Butl. and R. Solani Kiihn have also been isolated. The damage 
done by these sclerotial fungi has not so far been known to be serious and 
it is not improbable that these fungi may not be the primary causes of foot- 
rot, Phytophthora or Pythium being the primary cause; or they may be 
infecting the plants when weakened by an attack of anthracnose. 

Foot-rot caused by Phytophthora parasitica var. piperina is of very general 
occurrence in a majority of the pan growing parts of the Province. Where- 
ever it is found, the pan garden is completely wiped out and that too very 
rapidly. Pythium piperinum has so far been isolated only from diseased 
plants from Timarni (Hoshangabad District) but the damage it causes is as 
much as that caused by Phytophthora parasitica var. piperina. . 
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Phytophthora parasitica var. piperina has been known to occur in an 
epidemic form at Ramtek, Nagpur, Bhandara, Bhandak (Warora District), 
Saugor, Damoh, Jubbulpore, Sohagpur and Udaipura, Timarni and Seoni 
Malwa (Hoshangabad District) and Malkhed (Amraoti District). 

Foot-rot caused by Sclerotium Rolfsii has been so far known only in 
Udaipura, Timarni and Seoni Malwa (Hoshangabad District), Rhizoctonia 
bataticola and R. Solani have been isolated in a few cases from foot-rot affected 
plants from Timarni and Seoni Malwa. 


Anthracnose disease, like the Phytophthora and Pythium diseases, 
completely destroys the gardens where it occurs. It has been known to be 
in an epidemic form in Timarni, Seoni Malwa and Mandla, but it is not improb- 
able that it may be of a much wider distribution in the Province, its presence 
having been overlooked ; and this may be the reason for the reported failure 
of soil treatment in some places, like Saugor and Piparia, where some gardens 
attacked by the Phytophthora root-rot were treated with Bordeaux Mixture. 
In the case of a plant attacked by anthracnose the parts of the plant above 
the diseased area at first show signs of pallor and wilting; the leaves and 
branches below the infected parts are green and normal. However the infec- 
tion spreads rapidly downwards as well and it is not long before the whole 
plant turns brown and dry as in the case of the foot-rot affected plant. 


General Symptoms of the Diseases. 


The general outward symptoms of plants attacked by foot-rot and 
anthracnose are very similar. 


The very first symptom shown by a diseased plant is the loss of what the 
“bari” or pan grower calls ‘‘zamak”’ or luster. This symptom though in- 
variably shown by a diseased plant is not readily noticeable except by an 
experienced eye, like that of a “bari”, because the plant at this stage does 
not look conspicuously different from a healthy plant, as there is no sign of 
drooping or wilting of leaves or loss of green colour. Another characteristic 
symptom of the plant which shows this loss of luster is that from the top- 
most one or two nodes there is no development of adventitious rootlets ; 
the root eyes remain dormant whereas in the case of a healthy plant either 
the root eyes are perceptibly swollen or rootlets have begun to sprout. Soon 
after the plant shows these primary symptoms of infection another conspicuous 
symptom develops ; the lamina of the leaf of a healthy plant stands at a 
right angle to its petiole but the lamina of the plant showing the primary 
symptoms has a slight droop where its base is joined to the petiole, and 
later the droop of the lamina becomes very pronounced, the petiole however 
remains erect. Even the feel of a slightly drooping leaf blade is different 
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from that of the healthy leaf. The diseased plant now begins to show a 
general pallor of the leaves ; in the upper leaves especially there is a distinct 
loss of green colour and a tendency to yellowing. This pallor rapidly spreads 
all over the leaves and the upper tender parts of the plant are found to wilt 
as if suffering from drought. In the case of a plant attacked by foot-rot 
the whole plant rapidly turns yellow and then dries up ; the succulent stem 
is now brown, brittle and dry as stick. The conspicuous wilting and yellow- 
ing follow within a day or two after the primary symptoms of the infection 
have been noticed. 


Control Measures. 


In a previous publication (Dastur, 1931) it has been shown that at Ramtek 
irrigating the soil with Bordeaux Mixture has proved beneficial for the control 
of foot-rot caused by Phytophthora. 


During the rains of 1933 several pan gardens at Seoni Malwa and Timarni 
(Hoshangabad District) were reported to be badly diseased ; the disease in 
Seoni Malwa was said to have been observed since the last 3 or 4 years but 
at Timarni the pan gardens were reported to have been diseased for the first 
time. Control measures on an extensive scale were tried at Timarni. 

In a garden, named Rajashahi Berja, five pan growers owned varying 
number of lines, the total number being 70. Of these 70 lines the first 20 
lines commencing from the east of the garden were the most diseased, especially 
the first 11 lines in which a very large number of plants were dead or dying 
and the remaining had practically ceased to grow. - Stems showed anthracnose 
lesions and leaves were badly spotted by leaf-rot. There were very few 
cases of foot-rot. The neighbouring plot of 10 lines (Nos. 21-30) showed a much 
better growth and there were very few plants wilting, and hardly any case 
of leaf-rot. The next group of 10 lines (Nos. 31-40) were the best in the garden, 
diseased plants were very few and far between. The remaining lines (Nos. 
41-70) were much more diseased than lines 31-40 and as much diseased as 
lines 21-30. 

In this garden foot-rot was not much in evidence. The chief diseases 
were anthracnose on the stem and branches caused by Gleosporium sp. and 
leaf-rot of leaves caused by Phytophthora parasitica var. piperina. 

This garden was under pan cultivation for the last 50 years. The 70 lines 
of pan in it were of varying ages. T,ines Nos. 7-11 were one year old, Nos. 
41-45 were three years old, Nos. 52-70 were four years old, and Nos. 12-30 
and 46 to 51 were five years old. Since the disease was reported to have 
occurred for the first time, and since the intensity of infection varied from 


place to place in the garden, it was decided to try control measures in this 
Bs 
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garden, if the owners gave permission. Four owners were anxious to get 
their plants treated as their lines were more or less infected, but the fifth 
owner, who owned the lines, Nos. 31-40, in the central part of the garden, 
and these lines were the best in the whole garden, refused to get his lines 
treated. So his block of lines served as a ‘‘control’’. 


The garden was therefore divided in five blocks. The first block con- 
tained the first 20 lines commencing from the east, the second, third and fourth 
blocks had 10 lines each, v1z., lines Nos. 21 to 30, 31 to 40, and 41 to 50 respec- 
tively. The last block on the west had the remaining 20 lines, viz., lines 
Nos. 51-70. Of the five blocks the third block having lines Nos. 31-40 which 
were the healthiest in the garden was the “control” block. The remaining 
60 lines in blocks I, II, IV and V were first irrigated with Bordeaux Mixture 
(2-2-50), at the rate of 25 gallons of the mixture for a ridge of 150 ft. length. 
In block I having lines Nos. 1 to 20 which was the most affected the 
plants were sprayed with Bordeaux Mixture (2-2--50); blocks II and IV, 
having lines 21 to 30 and 41-50 respectively, were sprayed with Bouisol (34 Ibs. 
in 100 gallons of water) ; and block V, having lines 51-70, was sprayed with 
Sulsol (5 lbs. in 100 gallons of water) ; about two gallons of the spray fluids 
were required for spraying plants in a ridge of 150 ft. length. 


Before treating the blocks all the diseased leaves were picked from the 
plants ; all the diseased plants, whether affected by foot-rot or anthracnose, 
were uprooted and destroyed, except in block I which was the most 
diseased. In this block the plants were chiefly attacked by anthracnose; 
therefore those which had their upper parts diseased were pruned off a few 
inches below the seat of infection and those plants which had their stems and 
branches attacked by anthracnose near about the ground surface were cut 
flush to the soil level ; dead or dying plants were uprooted. 


As far as possible all the dead and dying plants and cuttings were removed 
from the garden and destroyed. 

For irrigating the ridges with Bordeaux Mixture the fungicide was poured 
on the ridge from its either side, half the quantity was poured from one side 
of the ridge and the remaining half from the other side. 


The first treatment was given on the 28th of August, 1933, the second. 


treatment was given on the 4th of October and the third treatment was 
given on the 4th of December. 

At the time of the second treatment there was a distinct change in the 
general appearance of the garden. Block I, having 1 to 20 lines, which was 
sprayed with Bordeaux Mixture and which was the worst affected when the 
treatment was first given had not a single leaf attacked by leaf-rot nor 
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was there any case of anthracnose infection. The plants had recovered 
remarkably and put forth a fresh growth of leaves and branches; they had 
also increased in size considerably. In six weeks the vines were double their 
previous size when the first treatment was given. The ridges which before 
treatment looked sparsely planted and had dull yellow coloured plants were 
now very full and thickly planted and full of green shining leaves. The 
anthracnose infected plants which had their diseased parts pruned off 
developed new shoots and a new flush of leaves ; the plants which had been 
cut at the soil level developed new shoots from the eyes on the underground 
stems. ‘The leaves were distinctly greener than normal healthy leaves of 
untreated plants. It was reported that these treated leaves fetched a higher 
price in the market than the untreated leaves because the former were much 
greener in colour. 

The Bouisol sprayed lines in block II which were before treatment 
superior to the lines sprayed with Bordeaux Mixture and only slightly inferior 
to the control lines in block III were also quite free from disease and looked 
the best in the garden at the time of the second treatment. Sulsol sprayed 
lines which were before treatment as good as the lines in block II were found 
to be not so good as the Bordeaux Mixture and Bouisol sprayed blocks. The 
plants were not quite free from anthracnose. The control block which origin- 
ally was the best when treatment in the other blocks was first given was now 
the poorest ; all the 10 lines were badly diseased ; the general colour of the 
plants was pale yellow ; the plants were dying in large numbers due to foot- 
rot and anthracnose. 

After the diseased plants had been removed or pruned both in the control 
block and the blocks to be treated counts were made of the number of healthy 
plants in one ridge in each of the Bordeaux Mixture sprayed and Bouisol 
sprayed blocks and in the control block. The results are given in Table I. 


TABLE I. 
No. of 
: No. of Percen- 
Treatment plants on | Difference of 
26-8 33 5-10-33 loss 
Ist | Ridge treated with Bordeaux| 524 757 + 232 
Mixture and plants sprayed 
with Bordeaux Mixture. 
41st | Ridge treated with Bordeaux) 1575 1516 — 59 3 


Mixture and plants sprayed 
with Bouisol. 


31st No treatment 926 — 675 42 
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The increase in the number of plants in Bordeaux Mixture sprayed lines 
is due to new shoots developing from the underground parts of plants which 
were cut at the soil line. Similar counts were made at the time of the 
second and third treatments ; the results are given in Table II. 


TABLE II. 
Line Teast of of nin Percen- 
: reatmen plants on| plants on| Difference | tage of 
Manaber 5-10-33 | 5-12-23 death 
1st Ridge treated with Bordeaux 757 757 


Mixture and plants sprayed 
with Bordeaux Mixture. 


31st No treatment a ea 926 401 — 525 56 
34th No treatment es 7 759 351 — 408 53 
41st Ridge treated with Bordeaux) 1516 1456 — 60 3 


Mixture and plants sprayed 
with Bouisol. 


53rd Ridge treated with Bordeaux) 801 634 — 167 20 
Mixture and plants sprayed 
with Sulsol. 


60th Do. 719 614 — 105 14 


In this garden Bordeaux Mixture and Bouisol sprayed blocks were the 
best ; Sulsol treated block was inferior to these two blocks but much superior 
to the untreated block. Though there were a number of plants in the control 
block they were more or less all infected ; they showed a general pallor and 
looked sickly, but the treated blocks, especially the Bordeaux Mixture and 
Bouisol sprayed blocks, were very leafy and dark green in colour. 


In another garden, named Kabeethwalla Berja, having about 50 lines, 
30 lines were treated. This was entirely a newly made garden, the planting 
having been done for the first time in the beginning of 1933; at the time of 
treatment the plants were very small being only 7 months old; there were 
many deaths due to foot-rot (Pythium) and anthracnose. A central block of 
30 lines was ear-marked for treatment leaving as “‘control’’ 10 untreated 
lines on its either side. All the 30 lines were first irrigated with Bordeaux 
Mixture, 2—2-50; out of these 30 lines 20 lines were sprayed with Bouisol 
and 10 with Sulsol. The method of treatment was the same as already 
described above. The results are given in Table III. 
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TABLE III. 
Loss be- | Loss be- |% SES 
No. of 
hocks. lines | and ard 
treated treatment| treatment 3% 
he? 
1. Ridges treated with Bordeaux| 20 3% 4% 7% 
Mixture and plants sprayed 
with Bouisol. 
2. Ridges treated with Bordeaux} 10 | 3%, 3% 6% 
Mixture and sprayed with | 
Sulsol. 
3. No treatment a --| 20 | 50% Bann almost 
| destroyed 100% 


In 1933 when the first reports of damage done by disease were received 
from Timarni only a few gardens were infected ; some of these were more or 
less completely destroyed and in the others the infection had not much 
advanced ; therefore the latter were treated as an experimental measure. 
As the disease spread to other healthy gardens there was a panic amongst the 
“baris’’, and since in the early treated gardens the plants had a better stand 
and the further spread of the disease was considerably checked many more 
garden owners offered their shares of the affected gardens for treatment. 
Ultimately out of the 19 gardens at Timarni 13 were treated. Of the remain- 
ing six gardens four had been more or less completely destroyed by disease 
before the treatment could be given, and the owners of the other two gardens 
would not let them be treated though they were infected. In the 13 gardens 


over 800 lines were treated in each of them some lines were left untreated as 
“controls’’. 


Wherever the ridges were irrigated with Bordeaux Mixture and the 
plants were sprayed with Bordeaux Mixture or Bouisol the plants reacted 
very favourably to treatment. The death rate decreased considerably and 
the plants had become very leafy and dark green in colour. Sulsol was not 
found to be as efficacious in controlling anthracnose and leaf-rot as Bouisol 
or Bordeaux Mixture, but Sulsol treated lines were much better than the 
untreated lines. 


The best method of control is treating the ridges with Bordeaux Mixture, 
2-2-50, and spraying the vines with Bordeaux Mixture, 2-2-50, or with 
Bouisol once every two months. 

It is essential to repeat these treatments about every two months because 
foot-rot (caused by Phytophthora parasitica var. piperina and Pythium 
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piperinum) and anthracnose are found more or less all the year round though 
the greatest damage is during the rains and the first part of winter. Another 
advantage of spraying with Bordeaux Mixture or Bouisol has been that the 
sprayed leaves are much greener than the unsprayed leaves of even 
healthy plants, and therefore the leaves are reported to fetch a higher 
market value. 


At Timarni the cost of spraying with Bordeaux Mixture a line of 150 feet 
having well grown plants in full flush is about three pies and the cost of treat- 
ing a ridge 150 ft. in length is about two and a half annas. The cost depends 
on the local price of copper sulphate and lime for making the fungicide. 
There is no extra cost for labour because of the method of irrigation practised 
at Timarni. The water is contained in an earthen pot which is carried on the 
shoulder of a cooly and the water is poured on the ridges through a bamboo 
funnel. Therefore the ridge can be treated when it is to be irrigated, water 
being replaced by Bordeaux Mixture. With a little practice the cooly is 
easily capable of applying the right quantity of the liquid, viz., one gallon 
per 6 ft. of the ridge. 


When ridges are irrigated by sprinkling water with hand, as at 
Jubbulpore, there would not be any extra cost of labour but where irrigation 
is by means of irrigation channels and where ridges are not irrigated but 
furrows, as at Ramtek andin Berar, there may be an extra cost of labour, as 
water has to be carried to the garden from its common source of supply which 
may be far away from the garden. 


The extra cost of labour involved in spraying would be negligible as not 
more than 24 gallons of the spray fluid is required for treating a line of 150 ft. 
length. 


The cost of spraying with Bouisol (3} ibs. per 100 gallons of water) or 
Sulsol (5 lbs. per 100 gallons of water) instead of with Bordeaux Mixture is 
one anna and one and a half anna respectively. On account of the excessive 
cost of Bouisol compared to that of Bordeaux Mixture the former cannot be 
recommended for soil treatment. There is no particular advantage in treat- 
ing the ridge with Bordeaux Mixture and leaves with Bouisol. It is therefore 
preferable to have the same fungicide both for soil treatment and spraying. 
Bordeaux Mixture leaves a blue stain on the leaves but since the leaves before 
they are marketed are invariably washed in water, staining of the leaves 
with the fungicide is of no consequence and the “baris’’ of Timarni do not 
object to the use of Bordeaux Mixture as a spray. 


Removal and destruction of diseased plants is essential because it has 
been found that in those treated gardens where the owners have neglected 
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the removal and destruction of dead or dying plants there have been more 
cases of fresh infection than in those gardens where the diseased plants have 
been systematically removed. In the case of anthracnose infected plants 
pruning the vines a couple of inches below the lowest lesion is essential before 
spraying. It is not necessary to completely uproot the plants which are 
attacked only by anthracnose. 

Where pan is to be planted in soil known to be diseased it is advisable 
to treat the soil with Bordeaux Mixture before planting the ‘‘seed”’. 

The new earth that is applied in pan gardens, about twice every year, 
should preferably be treated with Bordeaux Mixture before it is applied ; 
but if it is not convenient to do so the application of new earth on the ridges 
should immediately precede the bi-monthly irrigation with the fungicide so 
that the new earth does not remain long untreated in the garden and thus 
become a focus of fresh infection. 

When irrigation is by means of a funnel or by hand on the ridge 
itself the fungicide need only be applied on the ridge and its sides ; but if the 
irrigation is by means of water channels it is necessary to treat both ridges 
and furrows which serve as irrigation channels. 


In the gardens where “‘pipri’’ (Piper longum) is planted along with pan 
it should be also treated with Bordeaux Mixture, as it is as equally susceptible 
to foot-rot and anthracnose as pan. 


If a foot-rot infected garden is not treated with the fungicide, it is essential 
that it should not be replanted with pan, because the crop is sure to be com- 
pletely wiped out by disease before it is a year or two old. The soil sould be 
rotated with crops which are not susceptible to the foot-rot fungi. It is not 
possible to say how long the soil should be rested or rotated with other crops. 
In Ramtek the pan garden soil is allowed to fallow for two or three years 
after the garden has been three or four years old; but when the foot-rot 
infected soil (the cause of the foot-rot being Phytophthora parasitica var. 
piperina) is replanted even after it has been rested for three years the crop is 
again as much diseased as the previous crop of three years back. Either the 
fungus has remained dormant during this period, or susceptible weeds like 
Vinca spp. and Martynia diandra (‘‘ Baghnakh”’ or ‘‘ Vincher akara”’) which 
overrun fallow land during the rains become diseased and thus keep on 
infecting the soil from time to time. 


In those parts, like Timarni and Saugor, where the fallowing of the pan 
garden soil is not practised and where the garden is continuously under pan 
for decades after decades the choice is between treating the garden or abandou- 
ing it when it becomes diseased, because not only will the standing crop be 
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destroyed by the disease but the replanted crop will share the same fate, if 
the soil is not treated with the fungicide. 


A detailed account of the diseases. 


Foot-Rot. 


Phytophthora and Pythium rots. The above ground parts of a foot-rot 
affected plant show a general pallor and drooping of tender shoots and leaves 
but there are no other signs of infection on the leaves or stems, such as 
lesions or rotting of any of the erial parts. But if a plant showing marked 
yellowing and drooping is pulled out it will generally give way at the 
collar and its underground parts will be found to be in various stages of decay 
and rot. Ifa plant showing early signs of infection is carefully removed from 
the soil its fine roots and rootlets will be found to be dead or dying and dis- 
coloured black or brown. If the root or rootlet which is dead or dying is 
cut open longitudinally narrow black or brown coloured streaks will be seen 
in the region of its vascular bundles, even if the root may appear externally 
to be healthy. These discoloured streaks in the root can be traced back to 
the diseased rootlets. If the root be cut transversely the central core will be 
found to be black or brown or some of the vascular bundles will be prominent 
as brown or black coloured dots. In the tissues of the underground node the 
infection can be readily traced by the presence of discoloured xylem tissues. 
If the node be cut transversely the basal parts of the roots can be easily 
recognised by the presence of black streaks which extend into the tissues of 
the node ; it will be readily seen that the infection spreads from the roots to 
the nodes. In the very early stage of infection it is invariably seen that the 
blackening is confined wholly or partly to the tissues of a root or rootlet. 
In a slightly more advanced stage the blackening from the rootlet extends to 
the tissues of the node and the discolouration of the nodal tissues is at first 
confined to the tissues adjacent to the place from where the rootlet has deve- 
loped. When the infection travels to the nodal tissues further spread in 
the underground stem can be traced by the presence of discoloured vascular 
bundles. Where the infection is very slight only one such discoloured vascular 
bundle in the node or the internode may be present. At this stage the plant 
may not show any outward sign of infection. The wilting depends on the 
extent of the infection in the tissues and the rapidity with which the plant 
wilts depends also on the internode which has become first infected. If the 
disease is confined to the internode just below the ground surface the aerial 
parts of the plant are more or less completely cut off from food supply from 
the soil and therefore the plant wilts very rapidly. Whereas if the infection 
starts from an internode farther away from the soil surface, the underground 
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parts of the plant above this diseased internode still continue to function till 
they become infected and therefore the diseased plant appears to remain 
normal and healthy for a much longer period after it has become diseased. 

As the underground part of the stem of an old plant contains four or 
five internodes on account of the addition of fresh earth, about twice a year, 
it often happens that there are some healthy internodes between or below 
the infected internodes; from these healthy intérnodes new healthy shoots 
may develop, so that a diseased plant may have its main stem wilting and 
drying but its side shoots arising from the underground parts may be healthy 
and green ; these side shoots also later become diseased. The disease may 
spread from one underground internode to another, or one or more inter- 
nodes may catch the infection directly from the soil. From the condition 
of the roots it is possible to say if the fungus has extended into a particular 
internode from its diseased neighbour or whether it is a case of direct infec- 
tion. In the case of direct infection the roots are dead or are dying from tip 
upwards ; they are more or less in a decayed state, especially the rootlets ; 
in the case of the spread of the disease from an infected internode, the roots 
may look healthy and may not show any signs of infection ; the presence of 
the disease in the internode can be detected by the presence of discoloured 
tissues when the internode is cut open. Direct infection of the internodes 
above soil surface has not been observed though a thorough search has been 
made in various parts of the Provinces. The spread of the disease from the 
underground parts to the aerial parts does not extend usually to more than 
one or two internodes at the most because the plants are killed before the 
disease can spread further. A badly diseased internode distinctly shows 
a wet rot; the tissues have completely rotted, the soft parts are destroyed 
and the fibrous parts are in shreds. 

The disease always appears to develop suddenly but it is doubtful if 
this is really so in all cases. Under moist conditions of high atmospheric 
humidity and low temperature the development of the disease may be rapid 
but it becomes inactive and the progress is slow when the season is dry and 
warm. When once the tender leaves and shoots show signs of wilting the 
death of the plant is very sudden; but this wilting, the outward symptom 
of the disease, does not necessarily follow rapidly in the wake of the infection ; 
this wilting is the direct result of the death of the tissues of the internode 
nearest the soil surface. 


Microscopic Study of the Diseased Tissues. 


In transverse or longitudinal sections the necrotic tissues are readily 
visible, even with the naked eye, because of their prominent black or brown 
colour, A microscopic study of a section through a badly diseased stem or 
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root shows in the necrotic area a general collapse of the cortical cells, cell 
walls coloured brown or black, and cell lumen filled with a black or brown 
substance, which is either granular or gummy in appearance, especially in 
the xylem region. In the xylem tissues there is also a disintegration of the 
vascular bundles, a lysigenous cavity being produced which is filled with a 
granular or gummy substance and fragments of the thickened walls of the 
vessels (Plate LXXVI, Fig. 12). In newly diseased cells the protoplasm 
at first becomes granular and later plasmolysed ; the middle lamella of the 
cell wall appears to be dissolved, as the suspect cells become separated. The 
diseased tissues begin to turn brown and later black; in the cortical region 
they ultimately collapse, and in the vascular region the walls of the cells 
and vessels may give way. Judging from the presence of the necrotic area it 
appears that the disease advances up the stem through the vascular region. 
Beyond the badly diseased area the number of vascular bundles which are 
necrotic becomes reduced and the cortical tissues are found to be firmer and 
more healthy looking till ultimately only a single vascular bundle may be 
found to be diseased and discoloured ; the stem beyond this point may be 
entirely healthy. Similar is the case with the progress of the disease in 
the roots. 

In hand and microtomic sections the hyphe are not readily visible 
especially in the discoloured tissues. In the necrotic areas which are turned 
brown or black the hyphe if present are usually empty and their walls are 
similarly discoloured as the host tissues, and therefore their presence is 
usually obscured by the general discolouration prevalent in that area. In 
some cases the hyphe can be with difficulty traced but in some parts of 
the diseased tissues it is evident that they have not been invaded by the 
fungus, since the cell walls are not swollen ; whereas in other parts the hyphe 
cannot be traced but the cell walls are distinctly swollen and separated ; 
the hyphz seem to have disintegrated in these parts. In the discoloured 
region where the hyphz are dead and also discoloured they do not take the 
Cotton Blue or Rosazurin dye; but in the diseased tissues which have not 
become discoloured the hyphez can be readily stained with either of these 
dyes. Hyphe, neither in the newly diseased tissues nor in the discoloured 
areas are found in great quantities and when present long strands of the 
hyphe have not been seen (Text-Fig. 14). The hyphz are generally inter- 
cellular but sometimes they may be also intra-cellular, especially, in the 
discoloured tissues. Haustoria have not been observed. The cell walls 
between which the hyphe run become swollen, at times considerably ; these 
swollen cell walls may become striated. 


The following methods for staining hand and microtomic sections were 
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employed to detect the presence of hyphz: (1) Sections were first cleared 
in a lacto-phenol solution and stained with Cotton Blue and Saffranin as 
recommended by Lepik (1928) ; (2) Hand sections were first boiled in lactic 
acid and then stained with Cotton Blue; (3) Sections or small pieces of the 
infected tissues were first boiled in a three per cent. solution of caustic potash 
and washed in water and then stained with Rosazurin; (4) Hand sections 
were stained with Cotton Blue in Amman’s Solution (Linder, 1929). 

Since the hyphe are so few in quantity in the necrotic areas and since 
continuous long strands of hyphe have not been traced in the invaded 
tissues, therefore it is probable that the destruction of the tissues over such 
large areas may be the result of some toxins that may be produced by the 
fungus. Another reason for the hyphe being found in such small numbers 
is that there may be a disintegration of the hyphz as they become old. In 
sections of the discoloured tissues, small lengths of hyphz are found though 
the cell walls have become swollen and the adjoining cells separated from 
each other over a large area (Text-Fig. 14), it seems that in the empty 
spaces the hyphz have disintegrated after having killed the cells. 

The infection is always soil borne; no cases have been observed where 
the disease spreads from the above ground stem to the collar and the under- 
ground parts. It is doubtful if the healthy underground stem is directly 
infected by the pathogene in the soil. An examination of numerous speci- 
mens and inoculation experiments lead to the conclusion that the parasite 
penetrates the stem either through a root or rootlet. Invariably it is the 
root or rootlet that is first found to be diseased. The fungus first infects 
either an adventitious rootlet, arising from an underground stem or infects 
a secondary rootlet ; or the main root may become directly infected through 
a wound. The infection then travels up to the node of the underground 
stem from which the diseased root or rootlet arises. 

If the node bearing a diseased root or rootlet be so cut transversely 
that the infected root or rootlet is cut longitudinally the necrotic parts of 
the root or rootlet will be found to be in continuation of the discoloured 
black cortical and vascular tissues of the node. 

The necrotic tissues have invariably been found to extend from a node 
to the internode above and below it. No case so far has been observed 
where an internode between two healthy nodes has discoloured tissues. 


Pythium piperina nov. sp. 
Morphology. 
The fungus makes a luxurious erial cottony growth when grown on 


tice meal agar, Quaker Oats agar and French bean agar. The growth is 
similar to that of Phytophthora parasitica on these media, 
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The hyphe are 2-2 to 5-75 pw thick ; they branch freely. They may form 
knotted masses or coils, but they do not develop clavate or sickle-shaped 
bodies similar to those observed by Braun (1925) in cultures of Pythium de 
Baryanum Hesse and by Carpenter (1921) in cultures of P. Butleri Subrm. 


The fungus when grown on agar media or on ants or flies develops 
sporangia very rarely; but when sterilized moist soil in a Petridish or in a 
test tube is inoculated with this fungus, though there is not much of erial 
mycelial growth, sporangia are freely developed on the mycelium of the in- 
oculum. The sporangia are generally globular and without a distinct papila. 
At times they may be ovoid or pear-shaped when they may have a distinct 
papila. They are terminal, lateral or intercalary. The protoplasm in the 
mature sporangium is highly granular and contains one large vacuole. 
Before the contents of the sporangium are discharged they may become 
divided into zoospore units (Plate LXXV, Figs. 1(a) and 2 and Text-Figs. 3 to 
5) or they may remain as a homogeneous and highly granular mass of proto- 
plasm (Plate L.XXV, Figs. 1 aand 4 and Text-Figs. 1, 2 and 6). The contents 
of the sporangium are expelled en masse either directly through an opening 
in some part of the wall (Plate LXXV, Figs. 1, 2 and 4 and Text-Figs. 
3-6) or through a thin walled transient discharge tube which protrudes 
through the wall (Plate LXXV, Figs. 5 and 6 and Text-Figs. 1 and 2); 
this tube often has a hayline plug at the apex but which soon gives way under 
pressure of the discharging contents; the discharge tube does not swell 
into a vesicle ; even if the sporangium has a papila (the ovoid or pear-shaped 
sporangium being usually papilate), the discharge of the contents do not 
necessarily take place through the papila. Whether the discharge of the 
contents is through a tube or directly through an aperture in the sporangial 
wall, and whether the protoplasm is or is not differentiated into zoospore 
units before it is expelled out of the sporangium, the contents are discharged 
in a continuous stream and collect near the opening of the sporangium or 
near the mouth of the discharge tube, as the case may be, generally in a 
globular mass (Plate LXXV, Figs. 1-4) ; the discharged sporangial contents 
have not been observed to be enclosed in a vesicle. Soon after the contents 
have passed out through the discharge tube, there is no trace of the tube, 
it having either become disintegrated or dissolved. If the zoospores have 
not been already demarcated in the sporangium the protoplasm outside the 
sporangium is soon differentiated into zoospore units. The zoospores in 
the globular mass outside the empty sporangium are polygonal in shape 
(Plate L.XXV, Fig. 2 and Text-Fig. 7) and vary in number according to the 
size of the sporangium but not more than 12 have been observed. The 
individual zoospores break away from the mass collected round the empty 
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mother sporangium. The zoospore that is swimming in a film of water is 
found when fixed with iodine to be more or less round (Text-Figs. 8 and 10 
and Plate L.XXV, Fig. 7) having generally one cilium but sometimes, though 
not often, two or three cilia have been observed ; when more than one cilium 
are present one cilium is as long as that of an uni-ciliate zoospore and the 
other cilia are usually much smaller; these cilia do not necessarily arise 
from the same place. The single cilium and the longer cilium, when more 
than one cilium are present, seem to arise from a slight depression in the 
zoospore. What looks like a multi-ciliate zoospore may not be really a 
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single zoospore with more than one cilium but may be a body consisting 
of two or three still undifferentiated zoospore units which may or may not 
later get separated into individual zoospores. This would account for the 
cilia being of different sizes and the cilia not arising from the same point 
when more than one are found on a globular naked protoplasmic body. 
Again at times, though very rarely, a naked protoplasmic body with a con- 
striction in the middle and two long cilia, one at either end, has been observed 
(Text-Fig. 9). This body looks as if the two zoospores which have remained 
united together are now separating at the place of the constriction. But 
in some few cases the zoospore has appeared to be distinctly two ciliate, 
the two cilia being of equal length and arising from a common point. The 
sporangia measure 12-5—20-4y, usually they measure 15-3—20-3y the 
average being 16-3. The zoospores measure 3-4 to 5-1, and the cilia 
measure 4-6 to 10-1 yp. 

The motile zoospores were first fixed on a glass slide with a drop of iodine 
solution and the solution was allowed to dry up almost completely; the 
yellow stained almost dry spot was then covered with a small drop of Amman’s 
mounting medium (Linder, 1929) containing Cotton Blue, and a cover slip 
was then placed on the drop; by this method zoospores and their cilia were 
preserved in their original state and clearly stained blue, the body of the 
zoospore staining deeper blue than the cilium. Permanent mounts were 
made of these slides by ringing the cover slip with Canada Balsam after the 
water from the medium had evaporated. 


Oogonia are developed in large numbers on rice meal agar, or French 
Bean agar or Quaker Oats agar. Oogonia are globoid or spherical, lateral, 
terminal or intercalary; they are smooth, thin walled and hyaline; they 
measure 15-3—25-5y in diameter, the average being 19-30yu. They 
resemble sporangia in shape and more or less in size. 


Antheridia may be single or many per oogonium (Plates LXXV and 
LXXVI, Figs. 8-10 and Text-Figs. 11-13); they arise from neighbouring hyphe 
or they may be a branch of the oogonial stalk or they may develop from the 
main hypha bearing the oogonium. The antheridial hyphe may have a number 
of swellings, the swellings being not separated by septa; each swelling may 
apply itself to the oogonium ; it is not possible to say if each of these swel- 
lings has pierced the oogonial wall, but it looks as if the antheridial hypha has 
fused with the oogonial wall at more than one place. When more than one 
antheridium are present all have not necessarily discharged their contents in 
the oogonium, though as a rule they have; all are not always found to be 
empty at maturity (Plate LX XVI, Fig. 9). The contents of all the antheridia 
do not necessarily enter the oosphere; after the oosphere has been 
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fertilized and the oospore wall developed the remaining autheridia may extrude 
their contents in the space between the oospore wall and the oogonial wall 
(Plate LXXVI, Fig. 10). Though the number of antheridium per oogonium 
may be greater than one still only a single oospore is invariably developed 
within the oogonium. The oospore generally lies free within the oogonium 
but at times it more or less completely fills the oogonial cavity or a large 
area of the oospore wall is in close contact with the inner oogonial wall. The 
oospore is smooth and thick walled ; in colour it is usually hyaline but some- 
times may be slightly yellow coloured. 


The oospore may also develop parthogenetically (Plate LX XVI, Fig. 11). 
Such an oospore is in no way different from one formed as the result of 
fertilization. 


The oospores measure 12-75—20-4 wp, the average being 16-6 yp. 
Pythium piperinum nov. sp. 


Mycelium intercellular; in culture exhibiting strong erial cottony 
growth ; composed of hyphe 2-2—5-75y in diameter. Sporangia globular, 
without a papila, measuring 12-5—20-4y (average 16-4); zoospores 
formed within the sporangium before discharge of the contents or formed 
outside the sporangium after the discharge of the contents; discharge of 
the contents through an opening in the sporangial wall or through a discharge 
tube; the contents not emptied into a vesicle; zoospores collect outside 
the sporangium in a globular mass; zoospores at the most 12 in number 
spherical, generally uni-ciliate but sometimes two-ciliate ; measuring 3 -4— 
5-ly, cilia measuring 4-6—10-ly. Oogonia spherical or sub-spherical, 
terminal, lateral or intercalary ; smooth, thin walled and hyaline; measuring 
15-3—25-5 in diameter (average 19-3). Antheridia one to many per 
oogonium borne terminally or laterally on a separate hypha or on the hypha 
bearing the oogonium. Oospores one per oogonium, smooth, thick walled, 
hyaline or slightly coloured yellow, spherical, almost filling the oogonial 
cavity ; formed after fertilization or parthogenetically, measuring 12 -75— 
20-4 in diameter (average 16-6 ,). 

Parasitic on the underground stem and roots of Piper betle and on the 
roots of Piper longum. 

Inoculations. 


The parasitism of Pythium piperinum has been established by successful 
inoculations; they take more readily during the rains than in winter or 
summer. The infection takes through the underground rootlets or through 
old wounds on roots and stems; when the inoculum is placed on the freshly 
cut surface, the infection does not take, especially in the case of the freshly 
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cut surface of a stem; this is very probably due to the toxic effect of the 
“bleeding” that results from a freshly cut surface on the inoculum. 

Seedlings of cotton, wheat, water melon, rice, Taphrosia candida and 
chillies (Capsicum spp.) which are susceptible to infection by Pythiums in 
this Province and seedlings of castor and cress (Lepidium satiyum) failed 
to take the infection when inoculated with the pan Pythium. 


Phytophthora parasitica var. Piperina n. var. 


Sporangia are pear-shaped. They vary considerably in size but not 
in shape ; the papila is very prominent ; it is raised and forms an arc of a 
circle ; the sporangia are very much similar to those of P. parasitica Dast. 
(Dastur, 1913). In size they vary from 30-0—65-3 Y 20-4—40-8, though 
usually they measure 35-7—56-1 WY 30-6—35-7. Conidia or chlamydo- 
spores are also similar to those of P. parasitica. 

This fungus has been isolated from specimens received from Ramtek, 
Paraseoni, Nagpur, Bhandara, Bhandak, Jubbulpore, Sohagpur, Saugor, 
Damoh, Piparia, Timarni and Seoni Malwa, but oospores have been found only 
in some of the cultures of the fungus isolated from specimens received from 
Paraseoni and Bhandara. 

The development of the sexual organs is of the “infestans” type, antheri- 
dia being amphigynous. 

The oogonium is at first hyaline, smooth and thin walled, but with the 
development of the oospore the oogonium becomes yellow or yellow brown 
or orange yellow coloured and the wall is distinctly thickened. The oogonium 
may remain smooth walled but generally it becomes thick crusted on the outside 
due to secondary thickening, which makes the outline of the wall indistinct 
and rough ; a similar condition has been observed in P. parasitica (Dastur, 
1913), P. Colocasi@ Rac. (Butler and Kulkarni, 1913), P. infestans (Mont.) 
de Bary (Clinton, 1910). The oogonium is generally embedded in the medium 
and is entangled in a mat of nodular and budded hyphe. ‘The size of the 
oogonia varies according to the nature of the medium on which they are deve- 
loping. In diameter they vary from 20-4—40-8 yw, the average measurement 
being 33-4 p. 

Antheridia are hyaline, thin walled and persistent. 


Oospores usually completely fill the oogonial cavity. They are round, 
smooth and thick walled, hyaline in colour but at times they may be slightly 
tinged yellow. They measure 17-8—33-ly, the average being 26-1 p. 

According to Thompson (1929) Mr. S. F. Ashby, Mycologist, Imperial 
Institute, has identified the Phytophthora on pan in the Malaya States to be 
P. Colocasia. The sporangia of the Phytophthora under study are much 
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broader than those of P. Colocasie and do not separate by a slender pedicel as 
do the sporangia of the Malayan Phytophthora. The oospores of these two 
Phytophthoras do not much differ in size; Thompson’s measurements for 
the oospores of the Malayan fungus being 19-5—31-5 but he has found 
the oospores to be “coloured brownish yellow when mature’’, whereas the 
oospores of the Phytophthora under study are generally hyaline and rarelv 
tinged yellow. Therefore the Phytophthora parasitica on pan in the Central 
Provinces is not considered to be the same as the Malayan pan Phytophthorae 

Judging from the general characteristics the fungus has certain resem- 
blances to P. parasitica on Ricinus communis and Vinca rosea (Dastur, 1913). 
The sporangia of the pan Phytophthora are very much similar to those of P. 
parasitica ; the oogonia of the fungus are bigger than those of P. parasitica 
but it has already been shown that the size of the oogonium is not constant 
and is influenced by the nature of the medium on which the oogonia are 
developed. The oospores are bigger than those of P. parasitica. In recent 
isolations of P. parasitica from Ricinus communis and Vinca rosea oogonia 
and oospores have been larger than those already recorded (Dastur, 1913) ; 
the oogonia measure 25-5—30-6 in diameter and the oospores measure 
20-428 -0 p. 

The pan fungus is capable of readily infecting seedlings of Ricinus com- 
munis, Vinca rosea and Martinya diandra but not Colocasia antiquorum ; on 
the few occasions when the leaves have shown signs of infection, lesions have 
remained very small and localised and have not been typical of those produced 
by P. Colocasia ; the petiole and the corm have not taken the inoculation. 

The pan Phytophthora is considered to be a variety of P. parasitica Dast. 
and therefore it is named P. parasitica var. piperinum n. vat. 

Phytophthora parasitica var. piperina n. var. 


Hyphez generally inter-cellular, sometimes intra-cellular; haustoria 
absent ; sporangia pear-shaped or broadly ovate with a prominent papila ; 
measuring 30-0—63-3 Y 20-4—40-8,; motile zoospores bean-shaped and 
biciliate ; resting zoospores spherical measuring 2 -2—5-7 y» ; chlamydospores 
similar to those of P. parasitica Dast. ; oogonia at first hyaline, smooth and 
thin walled and spheroidal; after fertilization thick and smooth or rough 
walled, yellow or yellow brown coloured ; measuring 20-4—40-8 yw, average 
33-42; antheridia hyaline, thin walled, persistent and amphigynous; one 
antheridium per oogonium ; oospores spherical, almost filling the oogonium, 
smooth and thick walled hyaline, or very pale yellow coloured ; measuring 
17-8—53-lp, average 20-1 p. 

Parasitic on roots, underground stems and leaves of Piper betle and on 
roots of Piper longum. 
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Isolation of Phytophthora. 


This fungus is not always readily isolated from root-rot infected plants. 
Numerous attempts have been made to isolate the pathogen from specimens 
collected from various parts of the Province, but very often the results have 
been unsatisfactory. The isolations of pure cultures of Phytophthora have 
been very few compared to the isolations of other fungi, bacteria and 
nematodes. This difficulty may be due to the exudate produced by the tissues 
of the pan plant, which may have a toxic effect on the parasite. An externally 
sterilized piece of pan stem planted on rice agar or glucose agar darkens or 
blackens the medium near about the place where the piece lies. The patho- 
gen has not been isolated from all parts of the diseased area. When the 
infected tissues, which have either completely rotted and are in shreds, are incu- 
bated in culture media after sterilizing the tissues with corrosive sublimate (1 in 
1,000) and washing them in sterilized water, Phytophthora makes no growth 
whatsoever; when the infected tissues show signs of soft rot and are similarly 
treated and incubated even then Phytophthora is not always obtained, and 
if obtained it is more often than not mixed with other fungi or bacteria. The 
organisms usually obtained from the wholly or partly decayed tissues are nema- 
todes, Fusarium spp., Gleosporium sp. and bacteria, in some cases, Sclerotia 
Rolfsii and in a few cases, Rhizoctonia bataticola and R. Solani. In the 
tissues of decaying infected parts the hyphz of Phytophthora seem to be dead 
or to have lost their vitality ; but however when a piece of the infected 
tissues, which is firm and at the cuts ends of which are visible at the most 
two or three brown or black dots in the vascular area is incubated, cultures 
of Phytophthora are readily obtained ; in many cases the cultures are pure 
but there is the probability of Glaosporium sp. being also simultaneously 
isolated ; this probability is considerably reduced if the green bark round the 
infected piece is removed or scraped before it is incubated. There is a greater 
possibility of obtaining a pureculture of Phytophthora if for the incubation 
is used the central woody part of a node the tissues of which are firm and not 
badly discoloured. 

Inoculations. 


Successful inoculations with the Phytophthora isolated from diseased 
pan plants have been obtained. When the inoculations were done on the 
aerial parts, wounded or unwounded, they were usually not successful. In 
some cases there was a slight water soaked discolouration round the place of 
the inoculum, but this discolouration did not extend further. When the 
inoculum was well mixed with soil the plant took the inoculation. The infec- 
tion was more readily taken when the inoculum was in contact with old roots 
which were dead or dying. When the inoculum was placed in direct contact 
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vith a freshly cut part of a root or underground stem the infection very often 
uid not take ; it is probable that the “‘bleeding’’ from the newly cut surface 
of the root or the stem has a toxic effect on the fungus and so acts as an anti- 
septic layer between the exposed tissues of the plant and the fungus. Not 
only was this the case with the Phytophthora isolated from pan but similar 
results were obtained when for the inoculations Phytophthora isolated from 
Ricinus communis, Vinca rosea, Peperomia artifolia, Martinia diandra 
and Chrysaidocarpus lutescens was used. 


The pan Phytophthora produces the typical wet rot of leaves, petioles and 
stems of Peperomia artifolia, similar to that developed on a naturally infected 
plant in the rains. 


The pan fungus is capable. of infecting seedlings of Ricinus communis, 
and of Vinca rosea, and leaves of Martinia diandra, Euryclis amboinensis, Iris. 
sp. and Chrysaidocarpus lutescens. 


Foot-rot—Sclerotial fungi. 


(a) Sclerotia Rolfsii—The infected underground stem of the plant in 
the early stages of the disease shows a distinct wet-rot; the underground 
stem is of a sickly pale yellow colour and its bark is slimy, which easily peels 
off from the wood. In a transverse section the presence of the vascular 
bundles is not necessarily marked off by a black discolouration as in the 
case of foot-rot caused by Phytophthora and Pythium. The infection does 
not seem to spread necessarily from the rootlets to their nodes, In advanced 
cases, even when diseased plants are killed and have become dry, the pre- 
sence of the fungus can be readily recognised by the clear white feathery 
strands of hyphe which spread out fan-like on the outside of the under- 
ground stem. 


This fungus isolated from diseased pan plants does not produce in cul- 
tures sclerotia in such large numbers as does S. Rolfsii isolated from diseased 
wheat, cotton, potato and tomato plants. In sub-cultures of the fungus 
which has been grown in culture media for several generations, there is a 
very good growth of hyphz but sclerotia are very sparingly developed or 
none at all. The mycelial growth is white and feathery. The first symptoms 
of the sclerotial formation is the appearance of globular white fluffy soft 
bodies generally superficial on the erial mycelium. These bodies soon 
change their consistency and colour; they become very hard and woody 
and the colour changes from snowy white through different shades of brown 
to tobacco brown or raw amber or brownish drab. The surface of the 
sclerotium is smooth and not pitted. In diameter an individual sclerotium 
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for several generations the sclerotia may lose their individuality and several 
may fuse together forming a hard shapeless mass of the same colour as the 
single round sclerotium. The surface of this sclerotial mass is also smooth 
and not pitted. 


(b) Rhizoctonia bataticola and R. Solani.—In the early stages of infec- 
tion by these sclerotial fungi there do not seem to be any external symptoms 
by which an infected plant can be differentiated from one attacked by 
Phytophthora or Pythium. In advanced cases of infection the underground 
parts are dry ; the rot is distinctly dry and not wet as in the case of Phytoph- 
thora and Pythium infections. The soft parts of the tissues are more or 
less completely destroyed and the underground stem is in shreds. At this 
stage if the disease is caused by R. bataticola its minute black sclerotia may 
be distinctly visible. Sclerotia of R. Solani have not been found on infected 
plants. 

Rhizoctonia Solani. 


In cultures the mycelium is at first white in colour and does not grow 
much above the surface of the medium. The mycelium that creeps along 
the glass sides of the culture tube soon develops scattered conglomera- 
tions of hyphe, white in colour. Later the mycelium becomes dirty white 
and then drab coloured. The conglomeration of hyphze which are at first 
white also change their colour to different shades of brown; usually they 
are surrounded by a fringe of hyphal strands which are of a lighter colour 
or even white; they vary in shape and size. On the sides of test tubes 
these collections of hyphe may be membranous or papery or they may grow 
into hard thick lumps. On the medium itself these collections of hyphe 
do not remain papery or membranous but develop into hard thick woody 
bodies ; they are not uniform in shape. Their surface is uneven and covered 
with white or light brown or drab coloured mycelium. Drops of brown liquid 
ooze out from their fuzzy surface. The papery or membranous sclerotial 
masses are formed of a loose woven network of coloured hyphe; but the 
thick sclerotial masses are formed of a closely woven network of hyphe. 
In both cases the hyphe are closely septate, the cells being short and barrel 
shaped; in the thick sclerotia in addition to these broad many septate 
hyphe of light brown drab coloured bodies there may be another type of 
hyphe which have narrow long cells and coloured very dark brown. 


Inoculations. 


Inoculations of pan plants with these sclerotial fungi have not been 
very successful. Plants inoculated with Sclerotia Rolfsit have in a few cases 
given positive results but in a majority of cases the inoculations have failed. 
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Inoculations with Rhizoctonia bataticola and R. Solani have given nega- 
tive results. 


Leaf-Rot. 


During the monsoon under very wet conditions pan leaves also are 
susceptible to a rot caused by Phytophthora parasitica var. piperina. ‘The 
extent of the loss caused by this disease depends upon the prevailing climatic 
conditions. At times the disease may be in an epidemic form especially 
when there are long periods of rainy and cloudy days, sunny days being few 
and far between. These conditions are favourable for the development of 
zoospores which are readily splashed from the infected soil surface against the 
low hanging leaves by the rain water. Leaves within a couple of feet from the 
ground surface are particularly liable to infection. The topmost leaves are 
seldom found diseased. 


The first symptom of the disease is the presence of a circular black or 
brownish spot which is more or less wet in appearance. Under continuous 
wet conditions the black spot rapidly increases in diameter and develops 
a wet rot of the major part of the leaf; the rot extends to the petiole and 
from the petiole to the stem. When the infection reaches a mid-rib or one 
of the main veins, it spreads more rapidly along their length than between 
the veins; the diseased parts of the vein or mid-rib are readily located by 
their brown wet discolouration. If wet conditions are not continuous and 
if the rain lasts only for a day or two with dry warm periods between, the 
diseased areas show distinct concentric puckerings and wrinkles on account 
of an unequal growth of the tissues; such a leaf generally looks smaller in 
size than a healthy leaf. Under dry conditions the progress of the disease 
is checked and the black spots usually surrounded by a brown ring remain 
dry and localised. More than one spot are often found on a leaf; the spots 
may coalesce together. 


Anthracnose. 


The anthracnose disease is chiefly a disease of the aerial stem and branches. 
The leaves have not so far been found to be attacked, but in a few cases the 
fungi causing anthracnose have been isolated from the underground stem, 
very often associated with Phytophthora or Pythium. . The causal fungi 
are Gleosporium sp. and Colletotrichum spp. ‘The symptoms produced by 
these fungi are identical. The first sign of infection is the presence of a 
small, black speck, which is generally circular, on the green bark of the 
stem ; the progress of this black lesion is dependent on the prevailing climatic 
conditions. Under dry atmospheric conditions the lesion may not increase 
in size and may remain as a stain on the shining green bark; at times the 
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bark of the infected area dries up and ruptures exposing the wood under- 
neath it, but under moist atmospheric conditions the lesion grows rapidly 
in size and may involve a greater part of the affected internode; the lesion 
generally increases more rapidly along the length of the stem than along its 
circumference, The lesions very often form vertical narrow streaks (Plate 
LXXVII, Fig. 19) ; one lesion may more or less completely encircle the stem 
or two or more lesions may run together and coalesce involving the whole 
or a greater part of the circumference of the stem ; when this happens the 
part of the stem above the diseased internode wilts and rapidly collapses. 
The infection spreads also to the lower parts of the stem as well and ultimately 
under favourable conditions the whole plant is involved and killed; usually 
many parts of the stem are infected at the same time and so the death of 
the plant is all the quicker. When the black lesion first appears on the stem 
there is no visible sign of depression of the infected part (Plate LX XVII, Fig. 
19); but as the lesion increases in size the blackened area becomes distinctly 
depressed on account of the death and drying of the infected tissues.. With 
the progress of the disease, vertical cracks are produced on the lesions and 
droplets of gum may exude from the cracks (Plate LX XVII, Fig. 18). A 
badly infected internode is distinctly constricted and its tissues may be 
longitudinally split (Plate LX XVII, Fig. 18). In the gardens sporulation 
of the causal fungi on the diseased aerial parts of the plants does not take 
place, because they rapidly dry up; but on the underground parts acervuli 
have been found ; but when an infected part of the stem is incubated under 
moist conditions sporulation readily takes place. 


Microscopic characters. 


As in the case of tissues attacked by the foot-rot fungi, Phytophthora 
parasitica var. piperina and pythium piperinum, the tissues of the stem 
attacked by the anthracnose fungi also show brown or black necrotic areas, 
which are more or less confined to the epidermis and the sub-epidermal 
tissues upto the peripheral ring of the vascular bundles (Plate LX XVI, Fig. 
13). It is seldom that the tissues beyond the peripheral ring of the vascular 
bundles are affected. The cell walls first turn brown and swell; later the 
cell contents also become discoloured; in the cortical tissues because of 
the disintegration of the cells cavities are produced ; but they are not filled 
with a granular or gummy substance (Plate IX XVI, Fig. 14). Hyphe are 
found in these cavities in the cortex. The inner rings of the vascular bundles 
or the medullary vascular bundles are not usually affected but the peripheral 
ring may be necrotic and the walls of the vessels may be disorganised ; the 
cavity being filled with a gummy or granular substance and parts of the 
disintegrated walls of the vessels as in the tissues affected by Phytophthora or 
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Pythium (Plate LX XVI, Fig. 15). A necrotic vascular bundle of an anthrac- 
nose affected stem cannot be differentiated from a necrotic vascular bundle 
of a foot-rot affected stem. 


The browning and swelling of cell walls is very often in advance of the 
hyphez ; the hyphz in the discoloured parts of the tissues may be similarly 
discoloured ; these hyphe do not take the Cotton Blue or Rosazurin dye. 
Hyphe are both inter- and intra-cellular. 

From diseased plants two species of Colletotrichum have been isolated ; 
they can be readily differentiated by their acervuli and the shape of their 
spores. 

The stroma of the acervuli in one species is long and chiefly embedded 
in the cortical tissues, but is also partly above the epidermis; the stroma 
is not conspicuously erumpent ; it extends to a large number of cortical cells 
underneath the epidermis which under the pressure of the developing spores 
is ultimately ruptured more or less along the whole length of the stroma 
(Plate I.XXVI, Fig. 16). 


The conidia in this species are elliptical in shape, both ends being broadly 
rounded (Text-Fig. 15); but at times the conidia are distinctly club shaped, 
the upper end being broadly rounded and the basal end being more or less 
pointed. They have a central vacuole. The spores are hyaline. 


In cultures at first there is no definite coloured stroma from which the 
spores arise; at first there is a collection of hyphe, hyaline in colour, from 
the tips of which conidia are budded off. These hyphz later change to brown 
or olivaceous in colour and grow into a stroma with a tuft of elongated cells 
from the tips of which conidia are cut off. These conidia are hyaline in 
colour but in old cultures they are distinctly tinted brown. In the early 
stages of development of stroma sete are not found but later they may be 
developed. They are many celled and considerably vary in length but 
not much in breadth. They measure 40-120 Y 6y. ‘The apical cells of 
the setee may be at times hyaline or less lightly coloured than the remaining 
cells which are brown or olivaceous in colour. From the apical cells of sete 
spores or branches may be developed. Acervuli may be with or without 
sete. The conidia measure 10-0—16-2 Y 3-7-6-2 »; generally they measure 
12-5-15-0 Y 5-0. 


The Gleosporium sp. found on anthracnose affected plants is exactly 
identical with the Colletotrichum described above except that the acervuli 
are without sete. In the acervuli of the Colletotrichum sete are not in- 
variably present; even in single spore cultures the acervuli may have at 
times only a single seta and at times even this may be wanting. Since the 
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presence of the setz is not a constant factor and since the two fungi resemble 
each other in every other respect they are considered to be identical. 

In the other species of Colletotrichum the acervuli are distinctly erumpent 
and look like tufts seated on the epidermis with a narrow base; the stroma 
within the plant tissues is limited to the uppermost layers of the cortex and 
the epidermis; it is not spread out in the cells of these tissues, but only a 
few cells are involved and the stroma breaks through the epidermis through 
a narrow opening; outside the epidermis the stroma opens out like a fan, 
and stands high and erect (Plate LXXVI, Fig. 17). The spores are falcate 
and pointed at both ends like those of Vermicularia capsici Syd. and C. 
indicum Dast. (Text-Fig. 16), but the spores at times may be linear or straight. 
They vary in length but not in width. They measure 13-7-23-7 Y 2-5- 
3-7; generally they measure 20-0-22-5 YW 2-5; the spores have a 
central vacuole but it is not always conspicuous. 


The sete are much longer and broader than those of the Colletotrichum 
already described. They measure 71-4-204-0 5-1-7-6y. The acervuli 
have not been found to be without sete. 


The stroma consists of basal layers of pseudo-parenchymatous cells 
which are small and more or less round in shape and brown in colour; and 
of upper layers of elongated cells which are also brown in colour and from 
which arises a layer of conidia bearing cells which are usually hyaline, but 
may be slightly tinted brown from the tips of which spores are budded off ; 
the setze develop from the basal pseudo-parenchymatous cells, the basal cell 
of the sete is not enlarged. Sete have varying number of cells. The apical 
cell may be pointed or blunt. 


Inoculations. 

The two species of Colletotrichum and Gleosporium sp. isolated from 
diseased pan plants when inoculated on stems and branches of healthy pan 
plants have been found to be parasitic. Under moist conditions typical 
lesions have been produced by artificial inoculations ; under dry conditions 
the inoculum produces a very localised lesion which rapidly dries up; as 
a result the bark is ruptured and the wood underneath is exposed. 

The pan anthracnose fungi when inoculated on chilli (Capsicum spp.) 


fruits, tomato fruits, cotton bolls and sugarcane leaves have given negative 
results. 


Summary. 


(1) A general account of the methods of pan cultivation practised 
in the Central Provinces and Berar is given. 


(2) A detailed account of the foot-rot diseases of pan caused by 
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Phytophthora and a new species of Pythium, of the leaf-rot caused by 
Phytophthora aud of the anthracnose disease caused by Colletotrichum spp. 
is given. 

(3) A short account of the foot-rot diseases suspected to be caused by 
Sclerotia Rolfsit, Rhizoctonia bataticola and R. Solani is given. 

(4) The Phytophthora causing the foot-rot and leaf-rot disease is con- 
sidered to be P. parasitica var. piperina, n. var. 

(5) The Pythium causing the foot-rot disease is named P. piperinum 
n. sp. 

(6) Remedial measures for the control of the foot-rot, leaf-rot and 
anthracnose diseases are described. 


Abstract. 


An account of the different methods of pan cultivation practised in 
some parts of Berar and the Central Provinces is given. In Berar and Nimar 
pan is grown as a mixed crop with Sesbania aculeata, S. grandiflora, Erythrina 
indica, and other plants which serve as supports, shade and wind-breaks 
for the pan vines. The fencing round a pan garden is also made of similar 
living plants. In the Central Provinces pan is grown by itself in specially 
constructed ‘“‘chick-houses’’. The pan “‘seed’’ in some places is a single 
internode with one leaf; in other places it is a cutting several inches long 
bearing many leaves. The methods of planting the “‘seed”’ and irrigating 
the gardens vary from place to place. 


A detailed account of foot-rot, leaf-rot and anthracnose diseases which 
are known to occur in epidemic form is given. 


The foot-rot disease of pan caused by Phytophthora, which is con- 
sidered to be a variety of P. parasitica and which is named P. parasitica var. 
piperina, is found in many parts of the Central Provinces and some parts 
of Berar ; the foot-rot disease caused by a new species of Pythium, which is 
named P. piperinum, is so far known to occur only in Timarni (Hoshangabad 
District). Both these diseases have been shown to be capable of control 
by treating the soil with Bordeaux Mixture. Where ridges are directly 
irrigated only they need to be treated but where the irrigation is through 
specially made water channels both the ridges and the water channels have 
to be treated. 


Leaf-rot which is caused by P. parasitica var. piperina and anthracnose 
which is caused by two species of Colletotrichum and which attacks stems 
and branches are found in only a few places in the Central Provinces. These 


diseases can be controlled by spraying the plants with Bordeaux Mixture 
or Bouisol. 
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Sclerotia Rolfsit, R. bataticola and R. Solani have been isolated from some 
foot-rot affected plants but it is probable that these fungi are only weak 
parasites and do not cause much damage to the pan vines. 
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EXPLANATION OF THE TEXT-FIGURES. 
Fics. 1 & 2.—Sporangia discharging through a discharge tube. 


Fics. 3-6.—Sporangia discharging through an opening in the wall. In Figs. 3-5 the contents 
are broken up into zoospore units before the discharge has taken place. In 
Figs. 1, 2 and 6 the protoplasm is being discharged before it has divided into 
zoospore units. 


Fic. 7.—Some of the zoospores collected round a discharged sporangium. 
Fic. 8.—Motile zoospores with cilia. 

Fic. 9—Two motile zoospores separating by a constriction in the middle. 
Fic. 10—A motile zoospore with a cilium. 

Fics. 11 & 13.—Oospores with many antheridia. 

Fic. 12—An oogonium with many antheridia. 


Fic. 14.—Seciion of the underground stem of pan showing bits of Phytophthora hyphe in the 
swolien inter-cellular places. 


Fics. 15 & 16.—Elliptical and falcate spores of Colletotrichum spp. 


EXPLANATION OF PLATES. 


Fics. 1 & i .a).—Sporangia. One has discharged its undifferentiated contents through an 
opening in the wall; two of the sporangia have not discharged their contents but 
which are already differentiated into zoospore units. 


Fic. 2.—A sporangium discharging its differentiated contents through an opening. 


Fic. 3.—The discharged contents of a sporangium broken up into zoospore units collected 
outside the sporangial opening. 


Fic. 4.—A sporangium discharging its undifferentiated contents through an opening. 
Fics. 5 & 6.—Sporangia discharging their undifferentiated contents through a discharge tube. 
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Fics. 7 & 7 (a).—Zoospores. Cilia are not visible. 
Fic. 8—An oospore with one oogonium. 


Fics. 9 & 10.—Oospores with many antheridia. All the antheridia have not discharged their 
contents. In Fig. 10 the antheridial contents can be seen outside the oospore. 

Fic. 11.—Parthogenetic oospore. 

Fic. 12.—Destruction of vessels and development of lysigenous cavities in the tissues of an 
underground stem affected by Pythium or Pytophthora. 


Fic. 13.—Transverse section of an anthracnose affected pan stem showing the necrotic tissues 
between the epidermis and the peripheral ring of vascular bundles. 


Fic. 14.—Transverse section of a pan stem showing a cavity in the cortical tissues caused by the 
anthracnose fungus; hyphe can be seen in the cavity. 


Fic. 15.—A transverse section of a stem showing the destruction of vessels and development 


of lysigenous cavities in the vascular tissues of an aerial stem affected by 
anthracnose. 


Fic. 16—An acervulus of Colletotrichum sp. with elliptical spores on a pan stem. 
Fic. 17.—An acervulus of Colletotrichum sp. with falcate spores on a pan stem. 


Fics. 18 & 19.—Anthracnose affected stems of pan plants. 
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ESTIMATION OF UREA. 


By N. N. Dastur, B.Sc., (Miss) R. M.Sc., 
B. N. Sastri, M.Sc., A.L.C., A.I.1.Sce., 
AND 


A. VENKATASUBBAN, M.Sc., 
Department of Biochemistry, Indian Institute of Science, Bangalore. 


Received April 22, 1935. 


THE quantitative estimation of urea is frequently necessary in biochemical 
and physiological work in view of the fact that urea plays an important 
réle in the nitrogen metabolism of all forms of animal and vegetable life. 
Among the various methods of estimation that have been proposed, the 
urease method first suggested by Marshall (1913) is generally employed for 
the purpose in analytical work. Marshall employed a direct titrimetric 
method for the estimation of ammonia liberated as a result of the enzymic 
action; but in view of the low results—from 2 to 20 per cent. in urines (see 
Van Slyke and Cullen, 1914)—this was given up in favour of the more accu- 
rate and reliable aeration-titration method (Marshall, 1913) according to which 
the digest is made alkaline and the ammonia aspirated into a known volume 
of standard acid, the excess of the latter being determined by titration 
against standard alkali. Van Slyke and Cullen (1914) have greatly improved 
on the original Marshall’s method by using (1) highly active enzyme prepara- 
tions and (2) buffers to control the reaction of the medium during enzyme 
hydrolysis. 

Fiske (1915) observed loss of ammonia in the course of his studies on 
the estimation of urea, due to incomplete absorption by the standard acid 
and stressed on the need for extreme care in the initial stages of aeration. 
Van Slyke and Cullen (1916) in a later publication specified the conditions 
for complete absorption and recommended slow aeration at the initial stages ; 
during the later stages the aeration should be carefully regulated so as to 
avoid the risk of spattering of acid; capryl alcohol should be added to 
prevent foaming in the aerating vessel. They also emphasised the desira- 
bility of employing separate sets of tubes for acids and alkalies and apply- 
ing corrections for ammonia in reagents, particularly potassium carbonate. 

The successful application of the above method, therefore, involves a 
proper control of a variety of factors as well as experience and skill in the 
manipulation of the apparatus. Besides, the aeration procedure requires time 
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and for routine analysis as also for work involving periodic examination of 
the products of hydrolysis of urea, a method combining the simplicity of 
Marshall’s direct titrimetric method and the accuracy of the aeration-titra- 
tion method is desired. 


The applicability of the Linderstrém-Lang’s titrimetric method for 
amino acids (1927) to the estimation of the products of hydrolysis of urea 
has been carefully examined and very satisfactory results have been obtained. 


From theoretical considerations, Linderstrém-Lang deduced that “all 
strong or medium-strong bases of type B (NH3;), K < 10 corresponding 
to K,=K,,/K > 10-14/10°=10°8 are titrated completely. Guanidine (the 
one NH, group) and ammonia are classed in this group...... ”. The possi- 
bility of direct quantitative titration is thus indicated. 


Experimental. 


Preliminary trials showed that ammonia in aqueous solution of ammo- 
nium carbonate can be quantitatively estimated by titration against standard 
alcoholic hydrochloric acid, in acetone solutions using naphthy] red as indi- 
cator. The procedure adopted was similar to that adopted by Linderstrém- 
Lang for the titration of amino acids. In one experiment, direct titration 
in acetone solution of 10c.c. aliquot of an ammonium carbonate solution 
(approximately 1 per cent.) gave a value 21-5 mg. of ammoniacal nitrogen 
(mean of 2 readings), while a similar aliquot by the Van Slyke’s aeration- 
titration method gave a value of 21-4 mg. 


Influence of Buffer Salts—The common buffer salts do not affect the 
titrations, as has already been pointed out by Linderstrém-Lang. As the 
enzymic hydrolysis of urea has to be carried out under high buffer concentra- 
tions, to obviate any change in the reaction, the non-interference of buffer 
salts with the titration is a matter of considerable significance in the success- 
ful application of the method. We have made use of Palitzsch’s borax-borate 
buffers in our experiments, the urea solution being prepared wherever 
permissible in the buffer mixture. 


Urea-Urease Systems.—The acetone titration method was employed 
for the estimation of ammonia in reaction mixtures of urea-urease. It was 
observed that while the results obtained for the completely digested urea 
were strictly comparable with those obtained by the aeration method, those 
at intermediate stages showed slight discrepancies possibly due to the pre- 
sence of urea. To ascertain the magnitude of this, varying quantities of 
urea were added to hydrolysed urea and the mixtures titrated against 
standard 0-1N HCl. Table I gives the values obtained. 
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TABLE I. 
Titration value in c.c. of 0-1 N HCl 
Urea solution (mean of duplicates) 
(approximately 1-5 per cent.) 
added in c.c. 
Exptl. Control Difference 
Urea digest 14-85 1-35 13 -50 
5 15 -30 1-85 13 -45 
10 15-80 2 -30 13 -50 
15 16 -30 2-85 13 -45 


The values of controls are obtained by titrating 10 c.c. of water, 10 drops 
of the indicator solution, 150 c.c. of acetone and the different quantities of 
urea solution. It is clear that whereas the addition of urea does not affect 
the corrected values for the urea digests, the values tabulated under “‘control’’ 
vary with the urea added. 


Linderstr6m-Lang (1927) carried out titration of urea in acetone solutions 
and concluded that the urea was indefinitely titrated. A large number of 
titrations carried out by us under varying buffer and acetone concentrations 
clearly shows that although urea gives a titre value corresponding to about 
2 per cent. of its nitrogen content under given conditions, the titre value is 
strictly proportional to the urea present. Thus, in the course of the hydro- 
lysis of urea by urease, at the commencement of the reaction, the titre value 
is due to urea present, and when all the urea has been decomposed the value 
due to urea is zero and the entire titre value is due to the ammonium carbo- 
nate present. In the intermediate stages, the value is due partly to urea 
and partly to ammonium carbonate, the concentrations of urea and ammo- 
nium carbonate being interdependent. For every value of urea, there is a 
definite calculable value of ammonium carbonate and it is possible to obtain 
a graph with actual titre value (urea+ammonium carbonate) as abscissa 
and the nitrogen value corresponding to the ammonium carbonate alone 
as ordinates. By referring to a graph so constructed, the ammonium 
carbonate value (in mg. of N) corresponding to a given titre value can be 
ascertained. 

Fig. 1 is a graph constructed according to this method. The initial 
concentration of urea is 0-10g. When a one per cent. solution of urea in 
buffer is hydrolysed by urease, and 10 c.c. aliquots, at noted intervals, are 
withdrawn and the nitrogen determined by (1) the acetone titration and 
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24-0, 


Ammonium carbonate (mg. of nitrogen) —> 


20 4-0 6-0 8-0 10-0 12-0 
Ammonium carbonate -+-urea (c.c. of 0-1 N. HCl) > 
(2) aeration-titration method, it is found that the values obtained by (1) 
are given by the abscissa and those by (2) by the ordinates. 
Table II gives a few corrected values at intermediate stages of urea 
hydrolysis, and the values obtained by the aeration method also being given 


TABLE II. 
Ammonia Nitrogen in mgs. 
Number 
Acetone-titration | Aeration-titration 

1 6-8 6-7 
2 6-8 6-9 
3 3-6 3-4 
4 4-0 3-9 
5 2-4 
6 


for comparison. The reaction mixture consisted of 40c.c. of 1 per cent. 
urea solution, 30 c.c. of Palitzsch’s borax-boric acid buffer, pH 7-10 and 5c.c. 
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of aqueous extracts of different varieties of soya beans (1 gm. of defated 
powder extracted with 20c.c. of toluenated water) marked 1, 2, etc., in 
the table. 10c.c. of the reaction mixture were pipetted out into a 250c.c. 
Erlenmeyer flask after 30 mins. interval, 10 drops of indicator added and 
titrated to an orange-red colour against standard alcoholic HCl, then 150 c.c. 
of acetone added in 25 c.c. instalments, the titrations being carried out to an 
orange-red colour after each addition of acetone. The values by aeration 
method were obtained by pipetting out 10 c.c. of the reaction mixture after 
30 mins. interval and after stopping the action by adding solid potassium 
carbonate (5 gms.) the ammonia was aspirated into standard acid, the excess 
of acid being determined by titration against 0-1 N alkali. 


These results clearly show that the method can be employed not only 
for the estimation of urea by the urease method, but also for following the 
kinetics of urease action. 


Estimation of Urea in Urine.—The method has proved very useful for 
the estimation of urea in biological fluids. The method employed for the 
hydrolysis of urea is essentially the same as that used by Van Slyke and 
Cullen except that after hydrolysis acetone is added to the digest which is 
then titrated against standard 0-1 N HCl. Corrections are applied by 
running appropriate controls. 


Table III gives typical results for urea in 3 samples of urine. The urea 
values obtained by the Van Slyke method are also given for comparison. 


TABLE III. 


Urea in mgs. in 1 c.c. of urea 
Urine sample 


Acetone method | Aeration method 


1 +48 
2 10-93 
3 7 +46 7-50 


Applications —The method finds application in all reactions involving 
the estimation of urea as in the study of arginine-arginase systems. Its 
utility for the estimation of ammonia in the presence of amides has yet to be 
investigated. 
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Summary. 


(1) A simple titrimetric method for the estimation of ammonium 
carbonate in the presence of urea has been worked out and employed for 
the study of the urea-urease systems. 

The method consists in titrating the solution against standard acid 
after the addition of acetone and is an extension of Linderstrém-Lang’s 
method for the estimation of amino acids. 


(2) The method can be employed for the estimation of urea in urine 
and possibly in, other biological fluids. 


We wish to thank Dr. V. Subrahmanyan for his keen interest in the work. 
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MATTER IN PLANT NUTRITION. 


Part VII. Economy of Carbon during Decomposition of Cane Molasses in the 
Swamp Soil. 
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ALTHOUGH it is generally recognised that organic manures increase the produc- 
tion of crop from swamp soils, yet the precise manner in which they function 
is still comparatively obscure. The available evidence would indeed show 
that a considerable part of the added organic matter is converted into gases 
(Harrison and Ayyar, 1913, 1914, 1916, 1919, 1920) and organic acids 
(Subrahmanyan, 1929), which do not probably play any direct part in plant 
nutrition. Some of the products are even toxic to plant growth (Onodera, 
1923). It would be of considerable interest, therefore, to determine the 
quantities of the various products formed, the manner of their distribution 
in the soil and the extent to which they persist at different stages in the life 
of the crop. 


In the course of an enquiry on the chemical and biological changes 
attendant on the decomposition of cane molasses in the swamp soil (Bhaskaran, 
Narasimhamurthy, Subrahmanyan and Sundara Iyengar, 1934), it was 
observed that there was copious production of gases and organic acids attended 
by dissolution of minerals, chiefly iron and aluminium. These observations 
suggested that, under normal field conditions, a considerable part of the added 
organic matter would be lost from the soil system and that the fertiliser would 
have practically no residual value. Since a number of previous workers 
(vide Subrahmanyan, 1933) have reported phenomenal increase in crop yield— 
especially of rice—consequent on the application of molasses, it appeared 
probable that the products of decomposition might persist long enough to 
produce the beneficial effect : a part might also pass into the insoluble condi- 
tion and add to the humus content of the soil. In view of the above, it was 
considered desirable to carry out a systematic study of the distribution of 
carbon under such conditions. It was also hoped that the enquiry would 
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throw fresh light on the mechanism of plant nutrition under the conditions 
of the swamp soil. 
Experimental. 


Materials and Methods.—F our soils representing different types commonly 
met with in India were used in the present study.—(1) alluvial soil from 
Travancore, (2) black cotton soil from Sholapur, (3) Kalar (alkali) soil from 
Sindh, and (4) laterite soil from Bangalore. The samples were air-dried and 
ground to pass a 100-mesh sieve. The totai carbon and carbonate contents 
of the soil, as determined according to Subrahmanyan, Narayanayya and 
Bhagvat (1934), were as follows (Table I). 


TABLE I. 


Alluvial Soil | Black Cotton | | Laterite Soil 


Form of carbon Soil 


Total (per cent.) en 1-81 1-31 1-26 0-60 
Carbonate (per cent.) .. Nil 0-41 0-66 Nil 


The molasses used for treating the soils was a solidified product obtained 
from the local distillery. Its total carbon content was 30-7 per cent. 


The changes in organic matter were followed by determining total carbon 
at each stage. This procedure was considered to be the most satisfactory, 
previous experience having shown that (a) quantitative estimation of the 
individual products of decomposition would, in addition to being tedious, 
be also incomplete ; (b) methods of extraction with different solvents followed 
by ignition or estimation of carbon in each fraction would be only arbitrary 
and could not throw much fresh light on the distribution of organic matter. 
The estimations of carbon were carried out by the method of Subrahmanyan 
et al. (loc. cit.), which, in addition to being simple, also yielded highly accurate 
results. 

The distribution of organic matter in each sample was studied under the 
following heads.—(a) soil system as a whole, (b) supernatant layer of liquid 
containing a large part of the water soluble constituents, and (c) soil sediment 
including the major part of humus and other insoluble forms of organic matter. 
The total carbon in the original svstem being known, it was possible, from 
the above determinations, to follow the gain or loss of carbon at each stage. 

Owing to the uneven distribution of organic matter under field condi- 
tions (Sreenivasan and Subrahmanyan, 1934), it was considered necessary 
to conduct the trials with small, uniform samples of soils, the entire quantity 
being used in each case for the estimation of carbon. The error of random 
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sampling was thus avoided. The procedure adopted for the study of the 
distribution of carbon may be outlined as follows——The sample for examina- 
tion was placed on a rack and an aliquot (10—15 c.c.) of the supernatant 
pipetted out directly into the apparatus for carbon estimation, care being 
taken not to disturb the soil sediment. The estimation of total carbon in 
the liquid was then carried out in the usual way. It was sometimes necessary 
to dilute the fluid with water so that sufficient steam may be generated to 
displace all the carbon dioxide resulting from the oxidation. In every case, 
care was taken to add at least twice the volume of concentrated sulphuric acid 
as that of the fluid mixture to be digested (including the added water) so that 
the oxidation of carbon may be complete. The soil sediment, together with 
the residual supernatant, was then digested separately, the details of estima- 
tion being the same as those recommended for the estimation of carbon in 
swamp soils (Subrahmanyan et al., loc. cit.). Since the total volume of super- 
natant in each sample was known (and maintained constant throughout 
the present study), the total carbon in the entire supernatant was easily 
calculated from the first estimate. The total carbon in the soil sediment 
alone was also calculated in a like manner. The sum of the two estimates 
gave the total carbon in the soil system. At each stage, the estimations 
were carried out in duplicate and the averages recorded in the various tables 
and figures. 

There are three important stages in the cultivation of the swamp soil 
which may be normally expected to affect the distribution of organic matter 
—(A) the puddling stage during which the soil is essentially water-logged and 
when the added organic matter undergoes active fermentation; (B) the 
flooding period when the irrigation water (or rain or seepage water from a 
higher level depending on the situation of the land and mode of cultivation) 
flows gently over the land and which would, to a large extent, carry away the 
water soluble constituents present in the soil system; (C) the desiccation 
stage which commences with the ripening of the crop. The irrigation is 
stopped and the soil allowed to dry. This condition does in fact continue— 
allowing for wetting by occasional rains—until the soil is puddled preparatory 
to the sowing (or planting) of the next crop. The present study was accord- 
ingly divided into three stages each one of which was further sub-divided 
into short intervals of 4 days when the samples were examined in the manner 
described already. 

Influence of the Nature of Soil on the Distribution of Carbon.—Samples (10 g.) 
of the different soils were weighed out into short (height, 10 cm.) wide-necked 
(diam., 3cm.) tubes. They were then treated with solution of molasses in 
quantities corresponding to 30-7 mg. of carbon each. It was reckoned that 
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the molasses thus applied would approximate to 10 tons per acre on the field. 
Sufficient water was then added to the suspension so as to make the proportion 
of soil to solution as 10 to 25 (vide Bhaskaran et al., loc. cit.). ‘The tubes were 
then plugged with cotton wool and incubated at 30° over a period of 65 days. 
At short intervals (4 days in the early stages, and 7 or 8 in the later ones), 
tubes representing each soil were taken out and the distribution of carbon 
studied in the manner outlined already. 


As usually done in field practice, the initial fermentation of molasses 
was allowed to proceed for 25 days. This would correspond to the period of 
puddling (stage A). After this, the tubes were flooded with water and the 
excess allowed to flow out, care being taken to see that the layer of soil was 
not disturbed by the process. The flooding was thus continued at short 
intervals over a period of 15 days, the samples being incubated at 30° at 
other times. This would correspond to stage (B) previously described. When 
it was found that further flooding produced no perceptible change in the 
distribution of carbon in the soil system, the contents of the tubes were allowed 
to dry at 30°. It was expected that this treatment would correspond to 
drying prior to harvest (stage C). Three samples were taken during the period 
of drying and the attendant changes studied. The observations were not 
further extended as it was found that the subsequent changes were very slow. 


The results have been presented in Figs. 1-4. 
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It may be noted that there was marked fall in total carbon after the 
first few days. The decline then slackened and the carbon content became 
more or less stationary at the end of three weeks. The commencement 
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40 
ime in aays. 0 10 20 
Fie, 3. Laterite soil. A B c 
Time in days. 
Fig. 4. Alluvial soil. 
Fics. 1—4, Influence of the nature of soil on the distribution of Carbon. 
©—o Total carbon in the system. 4—6 Carbon in the supernatant. 
o—o Carbon in the soil sediment. @—* Carbon in the original soil. 
of flooding on the 25th day caused a further fall and a new low level was 
attained by about the 35th day. In two of the soils (the black cotton and the 
laterite), the total carbon content was, by then, reduced to about the same 
level as in the original soil, while, in the other two (Kalar and alluvial), a 
still lower figure was attained. Extension of the period of flooding did not 
cause any further lowering in the carbon content. During the period of dry- 
ing, the level of organic matter remained more or less the same, thereby 
showing that there was no further change in the soil system. 


In all the cases, the supernatant suffered an initial loss thus showing that 
apart of the molasses (which accounted for the bulk of soluble organic matter) 
was being either converted into insoluble forms or lost altogether from the soil 
system. The former was obviously the case, since during the same interval, 
there was a corresponding rise in the carbon content of the soil sediment. 
In the latter stages, however, there was marked loss of carbon, presumably 
in the form of gas. The greatest loss was observed during the period of flood- 
ing when the carbon content became practically nil. During drying, there 
was steady diminution in the volume of the supernatant which thus 
became more concentrated but there was little organic matter in solution. 


As already indicated, the soil sediment gained in the early stages through 
a part of the organic matter in the supernatant passing into insoluble forms. 
The subsequent changes followed the same course as that of total carbon. 
The maximum loss occurred during flooding. Since there was no organic 
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matter in the supernatant, the level of carbon in the soil sediment ultimately 
became identical with that of total carbon in the soil system. 


It may be seen from the foregoing observations that practically all the 
added carbon (and in two cases even a part of that originally present in the 
soil) was lost when the land was flooded. If it is reckoned that, in field 
practice, rice is transplanted about three weeks after application of molasses 
and that the irrigation water is then allowed to flow over the land, it would 
follow that the bulk of the added organic matter would be lost from the soil 
system even before the crop can establish itself. It may, however, be reason- 
ably expected that the removal of soluble forms under field conditions will not 
be so complete as that obtained with the small quantities of soil used in the 
present study. It is, indeed, probable that a small part of the soluble products 
will still persist in the soil and be taken up by the growing crop. It should, 
nevertheless, be admitted from the present evidence that a considerable part 
will be normally lost from the soil system and should, if possible, be retained 
for the benefit of the subsequent crop. 


It has been recorded by a number of previous workers (vide Subrah- 
manyan, Joc. cit.) that the immediate products of fermentation of molasses 
are toxic to plant growth. It is not clear however whether the adverse effect 
is due to any direct action or to some of the mineral constituents (such as 
ferrous iron and aluminium) brought into solution during fermentation. 
Since the toxicity is known to wear off at the end of about three weeks of 
puddling, it would appear that subsequent removal of organic matter by the 
irrigation water or through drainage is unnecessary. In fact, if the carbon- 
aceous matter present at that stage can be converted into insoluble forms, 
they will continue to remain in the system adding to the humus content of 
the soil. The crop which will then be putting on active vegetative growth 
will benefit from the added organic matter. The fertiliser will also acquire a 
residual value. 


In the cases of the black cotton and the laterite soils, it is clear that the 
various transformations related primarily to the added molasses and that 
after its removal, partly by fermentation and partly by flooding, the soil got 
back to its original level of organic matter. There would no doubt be changes 
in the soil structure, especially in the surface layers (Sreenivasan and Subrah- 
manyan, 1934), but no other marked change may be reasonably expected 
within the period of observation. The position was rather different with 
regard to the alkali and alluvial soils in which some of the original carbon 
was also affected. In the former case, additional loss of carbon may be 
explained by the interaction between the soil carbonate (0-66 per cent.) and 
the organic acids produced during the fermentation. A similar explanation 
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would not, however, apply to the other soil which contained no carbonate. 
It has to be inferred therefore that a part of the humic matter was peptised 
by the products of fermentation and were subsequently lost from the soil 
system. It may thus be seen that the composition of the soil is an important 


factor in determining the economy of carbon. 


On the other hand, it has 


practically no influence on the distribution of organic matter which follows 
about the same order in all the cases. 


TABLE II. 


Effect of Concentration of Molasses on the Economy of Carbon. 


Carbon in mg. 


Time in days 


Molasses, 0-5 per cent. 


| 
| Molasses, 1-0 per cent. 


Molasses, 2-0 per cent. 


| Pott | | Tota | | Tot 

A, PUDDLING 

0 12-3 | 70-8 | 83-1 | 24-8 | 71-9 | 96-7 | 37-5 [108-6 | 146-1 

5 6-3 | 70-6 | 76-9 || 14-9 | 81-1 | 96-0 | 30-2 

9 4-7 9-5 | 83-4 | 92-9 || 21-2 {104-7 | 125-9 

13 65-6 | 74-5 || 9-7 

17 4-3 10-5 | 80-7 | 91-2 | 15-2 |106-9 | 122-1 

25 14-2 | 75-6 | 89-8 86-2 | 113-8 
B. FLOODING 

36 3-7 | 60-6 | 64-3 || 2-4] 66-3 | 68-7 | 9-5 | 69-2 | 78-7 

44 0-9 | 61-4 | 62-3 | 62-2 | 62-8 2-3 68-5] 70-8 

51 0-0 | 61-9 | 61-9 | 65-2 | 65-2 63-5 | 66-8 
C. DRYING 

63 0-0 0-0 | 61-0 | 61-0 0-0 | 66-0| 66-0 

64 0-0 | 59-6 | 59-6 || 0-0 | 57-2 | 57-2 0-0 

67 0-0 | 60-7 | 60-7 | 0-0 0-0 | 67-0 | 67-0 
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Economy of Carbon at Different Concentrations of Molasses.—The previous 
observations having shown that the fermentation follows about the same course 
in all the soils, the present experiments were conducted only with the laterite 
specimen. The samples (10g. each) were weighed out in three different 
batches which were treated with molasses in quantities corresponding to 0-5, 
1-0 and 2-0 per cents. respectively. The details of subsequent treatments 
such as incubation, sampling and analysis were similar to those of the previous 
series. The results have been presented in Table II. 


As may be naturally expected, the carbon contents of the supernatant 
and the soil sediment increase with the quantity of molasses. With the 
progress of the fermentation, the samples receiving 2 per cent. of molasses 
suffer the greatest loss of carbon, first from the supernatant and then from the 
sediment. When the soil was flooded, practically all the added carbon was 
lost. A small quantity (equivalent to 7 mg. of carbon for every 10 g. of soil) 
did however persist in the specimens treated with 2 per cent. molasses. It 
continued to remain there even after drying for a fortnight, so that it may be 
regarded as a gain to the soil system. In the other two cases, the added 
carbon was completely lost and the soil returned to its original level of organic 
matter. 


The foregoing observations show that with increasing concentrations 
of molasses, there was correspondingly greater loss of carbon during flooding. 
Heavy applications of molasses would no doubt bring large quantities of 
minerals in solution and even bring about marked changes in the ultimate 
soil structure, but only a small part of the added organic matter would persist 
in the soil system. 


Influence of Temperature on the Distribution of Organic Matter.—Since the 
utilisation of cane molasses as a fertiliser will be largely in the tropics, the 
present experiments were carried out at temperatures prevailing under such 
conditions. As in the previous series, the trials were confined to the laterite 
soil. The samples (10g. each) were treated with molasses in quantities 
corresponding to 1 per cent. on the weight of the soil and divided into three 
batches which were incubated at 30°, 37° and 45° respectively. At stated 
intervals, representative specimens were taken out and analysed for their 
distribution of carbon. The results obtained at 45° and 37° have been 
presented in Figs. 5 and 6 respectively. The data obtained at 30° were the 
same as those given in Fig. 3. 


It may be observed that the course of decomposition was about the 
same in all the cases. The loss of carbon proceeded most rapidly at 45°, 
there being steady decline both from the soil system, as a whole, and from the 
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Carbon in mg. 
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Carbon in mg. 
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Time in days. Time in days. 
Fia. 5. Temperature, 45°. Fic. 6. Temperature, 37°. 
Fics. 5—6. Influence of temperature on the economy of carbon. 
eo Total carbon in the soil. 4-4 Carbon in the supernatant, 
o8—© Carbon in the soil sediment. eo Carbon in the original soil. 


sediment. ‘There was a momentary rise in the organic matter content of the 
supernatant, but that too suffered rapid fall after the commencement of flood- 
ing. At the lower temperatures the loss of carbon from the soil system 
proceeded more slowly : the supernatant gained to a marked extent after the 
5th day, though, after the 25th, all the soluble forms were removed by flood- 
ing. It would thus be seen that the rise in temperature hastened the various 
changes, especially the loss of carbon during puddling: but after the soil was 
flooded, the organic matter dropped to the level of the original soil in all the 
cases. 


Effect of Surface on the Economy of Carbon.—Although the foregoing 
observations represent broadly the types of changes that attended the 
application of molasses to soil, they do not yet present a quantitative 
picture of the distribution of carbon under field conditions. This is 
largely due to the fact that the experiments were conducted in tubes 
which were comparatively narrow and did not therefore permit of free 
access of air as would normally be the case on the field. With a view 
to determining the effect of surface on the distribution of carbon, some 
experiments were conducted weighing out the soil into open, shallow 
dishes and, after adding molasses and water as usual, comparing the 
attendant changes with those in the previous experiments. A control 
series was also carried out, incubating suspensions of untreated soil (without 
molasses) at 30°. The results have been presented in Table III. 


A comparison with the figures in Table II would show that in shallow 
dishes the fermentation and consequent loss of carbon during puddling 
proceeded very much more rapidly than in the narrow tubes. Except for 
a momentary rise in the soil sediment, there was steady loss of carbon from 
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TABLE III. 
Effect of Increased Surface on the Economy of Carbon. 


Time in days 


Carbon in mg. 


Untreated soil (control) 


Molasses (1 per cent.) in 
shallow dishes 


Super, |Sediment| Total |sediment| Total 
A. PupDLING | 
0 2-4 | 58-0 | 60-4 | 24-8 | 71-9 | 96-7 
5 9-5 | 51-7 | 61-2 5-4 | 75-8 | 81-2 
9 0-9 | 59-2 60-1 6-3 | 73-5 | 79-8 
13 4-2 | 70-5 | 74-7 
17 0-3 | 60-5 60-8 4-9 | 68-3 | 73-2 
25 1-9 | 70-9 | 72-8 
B. FLOODING | 
36 0-9 | 59-0 4-0 | 61-7 | 65-7 
44 1-0 | 58-2 | 59-9 4-3 | 58-2 | 62-5 
51 1-1 | 57-0 58-1 | 0-5 | 63-1 | 63-6 
C. DryYIne | 
63 0-0 | 57-2 | 57-2 0-0 
64 0-0 | 60-0 60-0 0-0 | 59-7 | 59-7 
67 0-0 | 59-0 | 59-0 0-0 | 60-2 | 60-2 


the former and by the time the specimens were flooded, the major part of 
the added carbon had passed away in the gaseous form. There was further 
loss on flooding with water and on the 36th day, the organic matter content 
of the soil came down to nearly the same level as the original soil. 


was no further change during drying. 


Since the foregoing transformations proceeded in presence of liberal 
supply of air, it may be assumed that the attendant changes were largely 
of the nature of oxidation. Since the chief gaseous product formed under 
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such conditions is carbon dioxide (Bhaskaran ef al., loc. cit.; Narasimha- 
murthy, unpublished data) it may be inferred that the added carbon was 
mostly lost in that form. 

The control experiments with the untreated soil would show that there 
was comparatively little change during a period of two months. In the 
early stages, there was slight increase in the carbon content of the super- 
natant: the forms thus brought into solution soon became insoluble and 
passed again into the sediment. The original conditions were thus restored. 
The subsequent transformations, both during flooding and drying, were 
negligible. 

Influence of the Degree of Submergence-—Under normal conditions, the 
rice field is submerged under water to the extent of only a few inches. There 
are other conditions, however, such as high level in the irrigation channel, 
and heavy rains or floods when the depth of water is greatly increased. It 
would be of much practical interest therefore to determine the effect of 
varying proportions of water on the progress of fermentation and distribu- 
tion of organic matter. Some experiments were accordingly conducted 
with the laterite (Bangalore) soil. After treating the samples (10g. each) 
with 1 per cent. of molasses, varying quantities of water were added, so that 
the proportion of soil to solution were as 10:10, 10: 25 and 10: 50 respec- 
tively. The incubations were at 30° as in the previous trials. The results 
obtained at ratios of 10: 10 and 10: 50 have been presented in Figs. 7 and 8, 
while those secured at 10:25 were the same as those given in Fig. 3. 


Carbon in mq. 
Carbon in mg 


A B c 
Time in days. Time in days, 
Fie. 7. Proportion of water to soil. Fig. 8. Proportion of water to soil. 
10: 10 (by weight) 50 : 10 (by weight) 
Figs. 7—8. Effect of changing the proportion of water to soil on the distribution 
of carbon, 
© © Total carbon in the soil. 4—4 Carbon in the supernatant. 
oo. Carbon in the soil sediment. e—e Carbon in the original soil. 


It may be noted that the quantities of organic matter passing into the 


supernatant generally tended to increase with the proportion of soil to water. 
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When the ratio was 10: 50, almost the entire quantity of added carbon passed 
into the supernatant and sediment came to the level of the original soil even 
before the end of the puddling period. The supernatant retained a large 
part of the organic matter until the flooding period when the entire quantity 
passed out into the drainage. When the ratio of soil to water was narrowed, 
the sediment tended to retain a useful part of the organic matter and con- 
tinued to do so throughout the period of observation. There was, no doubt, 
some loss during puddling and further depletion after flooding, but a small 
part of the added organic matter was always present in the soil system. 


The chemical nature of the substances involved in the foregoing trans- 
formations is still awaiting systematic enquiry. It has already been shown 
that the sugars disappear completely within the first three days (Bhaskaran 
et al., loc. cit.). It may be assumed therefore that the subsequent changes 
relate largely to the non-gaseous products of fermentation—chiefly organic 
acids and their salts. These being mostly water soluble, it may be reasonably 
expected that a considerable part will pass into drainage and thus be lost 
from the soil system. 

Discussion. 

The present enquiry has brought into relief certain important features 
in regard to the economy of carbon in the swamp soil. They show that, 
in addition to the possible losses in the gaseous form, there is a still greater 
danger of the removal of a considerable part of the added organic matter 
during flooding. 

The problem of conservation of organic matter in the swamp soil would 
naturally resolve itself into one of (a) reducing the loss of carbon in the 
gaseous form and (b) obtaining, as far as possible, products, which would not 
be easily leached out by water but which would, nevertheless, remain in the 
soil system and be available to plant nutrition. Some useful work has 
already been done on the first aspect but practically nothing is known 
regarding the second one. 

It is well known that when substances with wide C-N ratios are applied 
to the soil, there is considerable loss of carbon in the gaseous form until the 
ratio attains a low level of about 10—1. If, to such substances, nitrogen 
in some readily available form is added, the loss of carbon is greatly retarded. 
These principles have been successfully applied to the conservation of organic 
matter in the dry cultivated soil, but comparatively little is known regarding 
their extension to swamp conditions. The more recent work of Sreenivasan 
and Subrahmanyan (1935) would, indeed, show that while the loss of nitrogen 
from the readily fermentable material, can, to some extent, be retarded by 
suitable adjustment of the C-N ratio, the economy of carbon could not be 
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ensured by such a treatment. Further systematic work is needed, therefore, 
to clarify the position in regard to this important aspect of the problem. 


The influence of the C-N ratio of organic manures on the yield of crop 


from the swamp soil is still obscure. Itano and Arakawa (1927) studied the 
effect of applying different organic materials to rice fields in Japan but could 
not find any definite correlation between the C-N ratio and the yield of crop. 
Osugi, Yoshie and Komatsubara (1931) adduced evidence to show that 
transformations of organic matter in the swamp soil are determined not by 
the gross quantities but by the availabilities of different forms of carbon 
and nitrogen. It would thus appear that (a) the chemical nature of added 
organic materials would determine, to a large extent, the economy of carbon 
in the swamp soil and (5) adjustment of the C-N ratio of a manure so as to 
avoid loss of either of those constituents may not always lead to the benefit 
of the crop that follows immediately after the application. The above 
observations will apply particularly to the use of molasses as fertiliser 
because (a) that product is easily fermentable and will require a highly 
reactive form of nitrogen to retain the products in the soil system and 
(b) as already indicated (Bhaskaran e al., loc. cit.) the fertilising action of 
molasses is largely due to the indirect action of the products of fermenta- 
tion. A useful procedure will therefore be to first take advantage of the 
beneficial effects of the fermentation and then to modify the conditions in 
such a manner that the water soluble forms will be converted, through 
microbial agency, into insoluble products. The latter will add to the humus 
content of the soil and thus impart a residual value to the fertiliser. 

Further work along these and allied lines is in progress and will form 
the subjects of later communications. 

Summary. 


(1) When molasses was applied to the swamp soil, a part (about 30 
per cent.) of the added organic matter passed into the soil sediment and the 
rest into the supernatant. During puddling, there was much loss of carbon 
in gaseous forms, the supernatant suffering more heavily than the sediment. 
There was still greater loss immediately after flooding, almost the entire 
quantity of the added organic matter being carried away by the water. 
There was no appreciable change in the carbon content of the soil system 
during the short period of drying that followed. 

(2) The transformations of organic matter followed about the same 
course in all the four types (laterite, alluvial, black cotton and alkali) of 
soil that were examined. In two of the cases, the stage of equilibrium, 
teached after flooding, corresponded to that of the original soil, while, in the 
other two, a still lower level was reached. 
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(3) The distribution of carbon in the soil system was not appreciably 
influenced by the concentration of the molasses. Flooding removed the 
bulk of the added organic matter in all the cases, but there was a small, non- 
leachable residue left at the highest concentration (2 per cent.) that was 
tried. 

(4) Increase of temperature hastened the rate of fermentation during 
the puddling period. There was also greater loss of carbon, chiefly from the 
supernatant. 

(5) Fermentation in shallow, open vessels led to greater loss of carbon 
than that in narrow tubes. The loss was almost exclusively from the super- 
natant. The organic matter of the soil sediment continued practically 
unaffected until the flooding period when that too was rapidly reduced to 
the original level. 


(6) With increasing proportions of water to soil, larger quantities of 
organic matter passed into the supernatant. There was not much loss of 
carbon during puddling, but, as in the other cases, flooding removed almost 
the entire amount of added organic matter from the soil system. 

(7) The practical significance of the foregoing and allied observations 
has been discussed. Attention is drawn to the need for converting the major 
part of the added organic matter into insoluble forms before flooding period. 
Certain lines of work leading to that end have been indicated. 
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THE material which forms the subject of this paper is part of the study on 
‘The Avian Trematodes of Northern India, with Special Reference to Water 
and Shore Birds,’ which I undertook in the year 1931. But owing to certain 
unavoidable circumstances, over which I had no control, I could not carry 
through the work for more than two years and a half. However, it is no 
more considered desirable to publish the results of my studies im toto as I had 
once decided. Therefore the present communication is one of a series to 
follow. 

The two new Echinochasmus species, E. bagulai and E. ruficapensis 
described in this publication, are from water birds. But the third form men- 
tioned is from the intestine of the common street dogs of Calcutta, and forms 
the type species Episthochasmus caninum of the new genus Episthochasmus 
which has been defined and discussed along with the avian species because 
of the close resemblance it bears to the genus Echinochasmus, particularly in 
the structure of the excretory bladder. 

The existence of a chambered excretory bladder, more or less like that of 
the chambered heart of some Arthropods, is reported to occur, for the first 
time, in the new species described here. This is a feature of unique importance 
because, although numerous Echinostomatids have been written upon from 
all over the world, the chambered nature of the main stem of the excretory 
bladder appears to have escaped notice completely. I am sure that it is a 
permanent feature of a number of genera of the family Echinostomatide, 
and may be so of all members. In any case a study of its variations, in the 
various sub-families and genera of the heterogeneous assemblage of forms 
grouped under this large family, may furnish a natural basis for determining 
their real affinities. I hope to revert to this problem later, after having 
completed a wider survey of the Echinostomes in my collection. 

For the present, suffice it to say that I have already detected the presence 
of a similar type of chambered excretory bladder, as described hereafter in 
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Echinochasmus bagulai n. sp., and in Episthochasmus caninum n. g., n. sp., in 
members of two other genera of the same family, one from the Gangetic 
porpoise to which I have referred later on and the other from an immature 
form of another genus from the Indian Ruff, Philomachus pugnax, of which only 
a single specimen has so far been obtained by me. Thus at least in four 
different genera of Echinostomatids this condition of the excretory bladder— 
divided into four or five chambers opening one into the other by a valvular 
centrally placed aperture—does prevail. 


ECHINOCHASMUS BAGULAI 1.sp. 


Description—Quite a large number of these trematodes was found in 
the small intestine of the common pond heron and also of the night heron, 
on several occasions. Identical with it are the specimens in the two mounted 
slides, labelled ‘‘from the intestine of Bagula” (vernacular name for herons), 
sent to me by Professor M. A. Moghe of the Zoology Department, University 
of Nagpur. I am highly obliged to Professor M. A. Moghe for having sent 
me the slides. 


The worms are thin and elongated. In the living state their colour is 
whitish semitransparent. The body is covered with a spiny cuticle ; the spines 
are very dense on the anterior part. On the ventral surface they extend to the 
posterior end of the body. The shape of the body is fairly constant. It 
tapers gradually towards the anterior end, but it is broadly rounded posteriorly. 
Generally speaking, the sides are nearly parallel behind the acetabulum, being 
slightly broader, in some worms in the region of the anterior testis, in others 
behind the acetabulum. The latter condition is not very common. ‘Their 
dimensions in life are *1-0 to 1-75 long and 0-25 to 0-5 broad, the greatest 
width being usually about the middle of the body. 


The head end presents the characteristic features of the genus, witha 
small oral sucker perforated by the triangular mouth opening and a reniform 
collar, bearing 24 large spines interrupted dorsally. The oral sucker is almost 
terminal, nearly rounded, and measures 0-05—0-07 in diameter, in 
specimens of average length. The collar is continuous dorsally but open 
ventrally, and the 24 spines on it are arranged in alternate rows: so that each 
group consists of 12 spines, the dorsal innermost of which just overlaps the 
oral sucker. The spines of the outer row are somewhat longer than those of 
the inner row (Fig. 2). Behind the oral sucker is the prepharynx which varies 
in length with the contraction of the neck. The pharynx is sub-globular. 
In some mounted specimens it has the same mean diameter as the oral sucker, 


* All measurements are in millimeters. 


5 
eae 
tag 
OF 
4 


Studies on the Genus Echinochasmus 


Fies, 1—4, Echinochasmus bagulai n. sp. 


Ventral view of entire mount. 

Collar spines. 

Excretory bladder from a young specimen in life, 
Diagram of excretory system, 
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but usually it exceeds the oral sucker in size. The cesophagus is broad 
and bears small glands on its wall, which make its margins appear irregular. 
The intestinal rami begin a short distance ahead of the acetabulum and extend 
to the posterior end of the body. The acetabulum is a large prominent sub- 
globular structure, with well-developed muscular walls and is nearly three 
times as large as the oral sucker. It is situated at the commencement of the 
middle third of the body (Fig. 1) and measures 0-15—0-25 in diameter, in 
living flukes. 

The two testes are large, transversely elongated organs lying one behind 
the other, nearly midway between the ventral sucker and the posterior end. 
In most specimens they are contiguous—only in 1 or 2 preparations they are 
separated by a very narrow gap—and either ovo-elliptical, quadrilateral, or 
sub-triangular in outline, depending on age and condition. More usually 
the anterior testis is quadrilateral and the posterior sub-triangular, with its 
hinder border rounded. The marginis more often entire than lobed. In 
two preparations there appear to be 5 to 7 lobes in the posterior testes, and 
3 to 5 in the anterior. Thus the testes appear to vary somewhat in outline 
and margin; but in size they are fairly constant in individuals of the same 
size. Their measurements are given, from mounted preparations, in Table I. 


The vasa efferentia are very fine and, being masked by other structures, 

are not visible in entire preparations. The cirrus sac is thin walled, commonly 
pear shaped, with its narrow end posterior. It lies in front of the acetabulum, 
between it and the intestinal bifurcation, or it partly overlaps the sucker. 
Within it is enclosed a capacious vesicula seminalis, constricted into a smaller 
anterior and a larger posterior portion (Fig. 1 cs.). The genital pore lies on 
the mid-ventral line, between the intestinal fork and the ventral sucker. 
The ovary is rounded, much smaller than the testes, and slightly smaller 

in length than the ova. It lies slightly to the right side of the median line, 
close in front of the anterior testis and completely behind the middle length 
of the body. On its inner posterior border are situated the shell gland mass, 
the transverse yolk reservoir and the first part of the uterus. The uterus has 
very thin walls and usually contains few (7 to 15 or more) eggs of large size, 
(0-067 —0-0756 x0-050 x0-0588) and elliptical in outline. It lies between 
the anterior testis and the ventral sucker as, in every specimen examined, the 
eggs are seen only in this area. The vagina runs dorsal to the ventral sucker 
and the cirrus sac, and opens in the genital pore. Laurer’s canal is present 
as a long narrow tube. It was easily seen in some young specimens examined 
alive for the study of the excretory system. The vitellaria consist of numer- 
ous small follices which commence from about the posterior border of the ace- 
tabulum. In some specimens they begin a little in front of the hinder border 
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TABLE I. 
Measurements from Balsam Mounts, E. bagulai n. sp. 


Length of body we 1-440 1-008 0-840 
Breadth of body (maximum) 0-38 0-30 0-25 
Length anterior to 

acetabulum ‘a 0-445 0-334 0-294 
Length posterior to 

acetabulum ee 0-770 0-552 0-445 
Length anterior to ovary .. 0-780 0-546 0-462 
Length posterior to ovary .. 0-588 0-420 0-334 
Length prepharynx os 0-056 0-054 0-064 
Diameter pharynx ia 0-056 0-042 0-040 
Length esophagus 0-168 0-142 0-109 
Size collar L x B ..| 0-084 x0-126 | 0-067 x0-101 | 0-076 x0-117 
Diameter oral sucker va 0-062 — 0-042 0-034 
Diameter acetabulum ..| 0-192 0-126 0-101 
Cirrus sac L x B ..| 0-067 x0-042 | 0-084 x0-050 | 0-081 x0-042 
Diameter ovary 0-060 0-042 0-042 
Size anterior testis L x B..| 0-151 x0-193 | 0-084 x0-126 | 0-067 x0-076 
Size posterior testis L x B..| 0-168 x0-173 | 0-101 x0-126 | 0-084 x0-084 
Post-testicular space 0 +227 0-168 0-160 


of the sucker, but in the majority from a little behind it. They run posteriorly, 
as lateral masses, on both sides overlapping the caeca. Behind the posterior 
testis the masses of the two sides run inwards and freely meet in the middle 
line extending to a short distance ahead of the hind end. 

The excretory system was very carefully studied in living specimens. 
The whole of it was easily visible under the microscope, particularly in younger 
individuals, and proved to be of the same type as was observed by me (1) in 
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a new genus of Echinostomatids from the porpoise, which I have named 
‘Orientochasmus’ and which is described in another paper ‘Studies on the 
Trematodes with Ani, together with the description of new forms from India” 
and (2) in the trematode parasite from the common dog of Calcutta, which 
also forms part of the present communication (page 848). The excretory 
bladder extends from the subterminal excretory pore to about the posterior 
border of the hinder testis, but it is not made up of one continuous tube. 
It consists of five chambers one behind the other, from the innermost of which 
arise the two lateral cornua. Each of the remaining four chambers gives 
off, in the adult, a pair of lateral branches which run outwards and bifurcate 
before branching further (Fig. 4). In very young specimens each chamber 
is produced into distinct short processes or horns (Fig. 3). It appears that 
from these, in course of individual growth, develop the outer lateral branches. 
The right and left cornua give off a number of branches along their course. 
The outer of these are prominent and also more numerous than the internal. 
Another interesting feature is that some of the internal branches appear to 
fuse with their fellows of the opposite side, forming a sort of transverse con- 
nection between the two cornua. One such connection appeared to exist 
in some of the observed individuals between the two testes; another similar 
loop tends to form behind the ventral sucker. But in some specimens the 
latter connections did not appear quite complete: the two inner branches 
either approached quite close to one another, or even overlapped. In all 
the flukes, the internal branches in front of the acetabulum were as promi- 
nent as the cornua and formed an arch, over the intestinal bifurcation. A 
number of short branches arise from this loop and run forwards; one or two 
only are given off to the posterior side. Ahead of this transverse arch, the 
cornua grow narrower and terminate in fine branches at the posterior level 
of the collar. 


Discussion.—This parasite, having a kidney-shaped collar beset with 
large spines, clearly belongs to the family Echinostomatide Loss, 1902. 
In its body form, in the size and position of the cirrus sac, in the position 
of the genitalia, in its testes being comparatively large and transversely 
elongated and in the extent of its vitellaria, it closely resembles the genus 
Echinochasmus Dietz, 1909. But in its collar spines being arranged in alter- 
nate rows, and in having a chambered excretory bladder it differs from the 
genus as it is defined at present. Therefore the definition of the genus should 
be emended so as to include this form. This is done later on in this paper. 
The new species therefore differs from all others hitherto described in the 
G. Echinochasmus, in the arrangement of its collar spines in alternate rows. 
It resembles most the mammalian species E. perfoliatus (v. Ratz, 1908), 
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particularly the Japanese variety, but differs from it, in addition to the 
character of the collar spines, in the greater extent of its cuticular spines, in 
the ratio of the suckers and in the size of its ova. 

I, therefore, consider it a new species which I name Echinochasmus 
bagulai with the following specific diagnosis :— 

Specific diagnosis—In balsam mounts, length 1-0 to 1-75; maximum 
width, about middle of body, 0-25 to 0-5; oral sucker, average diameter 
0-07; collar reniform with 24 spines, interrupted dorsally, in two rows alter- 
nating with one another; spines of outer row 0-025—0-035 long, of inner 
row 0-021 to 0-027 long; prepharynx distinct about 0-05 long; pharynx 
0-042—0-059 in diameter; cesophagus 2} to 3 times as long as pharynx; 
ventral sucker prominent, within front border of middle third of body, 
average diameter 0-2; ratio of suckers 1:3; ovary and testes in posterior 
half of body ; ovary rounded, 0-05 in average diameter, to right of median 
line; testes median close behind one another, transversally elongated, 
variable in form and outline, anterior testis usually somewhat smaller in 
dimensions than the posterior, eggs large, 7 to 15 or more, size 0 -067-0 -0756 
x 0-050 —0 -0588. 


Host.—Ardeola grayi (Sykes), Pond heron, and Nycticorax nycticorax 
(Linnzeus), Night heron. 
Location.—Small intestine. 
Locality —Allahabad, U.P. and Nagpur, C. P., India. 
Dates of Collection December 8, 1928. Ardeola grayi, one bird. 
September 3, 1929. Nycticorax nycticorax, one bird. 
December 27, 1929. Ardeola grayi and Nycticorax 
nycticorax, one bird each. 
February 1932. Ardeola grayi, two birds. 
March 1934. Two mounted slides from Prof. 
M. A. Moghe, Nagpur. 


ECHINOCHASMUS RUFICAPENSIS %.sp. 


Description—Four specimens of this species were obtained from the 
intestine of one bird—the little Grebe or common Diver of Indian jheels 
and tanks—and two from another. One of these birds also harboured a 
small variety of Prosthogonimus. A similar bird shot by me in 1927 con- 
tained (i) in its intestine, a number of a species of the interesting cestode 
genus Tatria, hitherto unrecorded from India, and (ii) in the cloaca, two 
representatives of the genus Prosthogonimus. Unfortunately one of the 
parasites had got cut in ripping open the intestine, another was smashed 
while being fixed, and two that were left alive for the study of the excretory 
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4-0 ™m. 


— 


Fie. 5. Ventral view of E. ruficapensis n. sp. 
Fic. 6. Collar Spines of ruficapensis n. sp. 


system got lost due to an accident. Thus two individuals could be stained 
and mounted. 


The worms are elongated, thin, narrow and transparent, except for 
the pale yellow eggs which are easily seen through the spiny body wall. In 
front of the ventral sucker, the spines are densely arranged and extend back- 
wards to a little beyond the second testis. The body is rounded posteriorly 
as in other members of the genus; but, unlike most of them, it is rather 
abruptly pointed anteriorly, and is broadest between the intestinal bifurca- 
tion and the acetabulum. In the latter respect it does not agree with the 
generic character; but nevertheless, it is, in other respects, an undoubted 
Echinochasmus. From the acetabulum behind, the breadth of the body 
is almost uniform. ‘The length measures from about 2-5 to nearly 3-5 accord- 
ing to the condition of expansion, and the maximum breadth from 0-4 to 0-6. 


This species bears a transversely broad, large, triangular collar (0 -3- 
0-45 x0-5-0-65) which carries 24 spines arranged in a single row and 
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interrupted dorsally. The innermost of the dorsal spines of each side over- 
laps the sucker. The spines are of nearly equal size (on an average, 0-052 
x0-0191) except the innermost ventral which measures 0-047 x0-01 
Thus the spines are about two and a half to three times as long as broa 
(Fig. 6). 

The roundish oral sucker is somewhat broader than long (0-15 x0-1) 
or as broad as long (0-17) and leads into the mouth opening, between which 
and the oval pharynx (0-15 0-17) is the prepharynx of about the same 
length as the sucker or rather more. The cesophagus is much longer than 
in E. bagulai and, in the two mounted specimens, it does not appear to 
possess any glands. Its length varies from 0-25 to 0-5 according to the 
size of the worm and the contraction of the neck region. ‘The ceca are 
comparatively narrow and terminate about a tenth of a millimeter ahead 
of the hinder end. The ventral sucker is sub-globular with a mean diameter 
of about 0-35, and is situated near one-third the body length from the front 
end. It is therefore about 1-5 to 2-5 times the size of the oral sucker. 

The testes display the condition characteristic of the genus. They are 
situated in the posterior half of the body, close behind one another, and have 
entire margins. The anterior one is either sub-quadrate or ovo-spherical, 
broader than long and measures 0-18-0-22 x0-19-0-35. The posterior 
testis is ovo-spherical or sub-triangular in outline. In dimensions it is about 
as long as the anterior testis but slightly less broad (0-18-0-25 x0-18-0-2). 
The post testicular space in one specimen measures 0-8 in length, and in 
the other appears still less. The cirrus sac lies between the acetabulum 
and the intestinal fork and is about as long as broad (0-17) or longer than 
broad and partly overlapping the sucker. It has thin walls enclosing the 
well-developed seminal vesicle divided into a smaller anterior and a larger 
posterior part. Prostate glands surround the small parsprostatica and the 
ejaculatory duct. The genital pore is median. 


The ovary is distinctly oval in outline, two to three times as long as 
broad. It lies in the middle of the body or just ahead of the equatorial zone, 
separated from the anterior testis by a gap of about half to two-thirds the 
distance between it and the acetabulum (0-12 to 0-26). In the space between 
it and the testes lie the shell gland and the vitelline reservoir. The Laurer’s 
canal was not observed, but it is likely to be present as in other members of 
the genus. The uterus is, as usual in these forms, thin walled and lies 
between the testes and the acetabulum. The eggs of the species are. oval ; 
they are somewhat longer, but a little less broad, than those of the species 
described from the herons. They measure 0-07-0-08 x0-039-0-052. 
Their number in one of the mounted specimens is 8 and in the other 20 or 21. 
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The vitellaria consist of numerous follicles. They commence at the level of 
the hinder margin of the ventral sucker and run laterally outside the intestinal 
ceca. Behind the anterior testis, they begin to overlap the ceca and, after 
passing the posterior testis, continue their inward encroachment further, 
nearly approaching the follicles of the other side but they never quite merge 
into one another. On the hinder extremity they terminate near the end 
of the ceca. The transverse vitelline ducts of the two sides arise at the 
level of the front border of the anterior testis and, running inwards, join to 
form the small yolk reservoir. 


The details of the excretory system, owing to loss of material due to the 
accidents noted above, could not be worked out. But it is believed that 
the structure of the bladder will be of the same nature (chambered) as in 
E. bagulai. The excretory pore is subterminal. 


Discussion.—The species, in its general body-form and topography of 
organs, resembles closely E. novalichensis Tubangui, but it differs from it 
in its greater body-length, in its collar spines not being segregated into a 
ventral group on each side, and in having one of the ventral-spines of each 
side shorter than the rest, instead of two in E. novalichensis. It also differs 
from the latter in the forward position of the ovary and the size of ova. 


Therefore, the form above described is designated Echinochasmus rufica- 
pensis, after the name of the Indian variety of the host, with the following 
specific diagnosis :— 

Specific Diagnosis —Body-length 2-5 to 3-5; maximum breadth, in 
front of acetabulum, 0-4 to 0-6; oral sucker spherical 0-16, or oval 0-15 
x 0-1; collar large, transversely elongated, reniform or triangular, 0-3-0 -45 
x 0-5-0-65; coilar spines 24, dorsally interrupted, in one regular row on 
each side, ventralmost of each side smaller (0-047 long), others nearly equal 
0-052 long; prepharynx 0-1 to 0-2; pharynx oval 0-15 x0-17; cesophagus 
long, 0-25 to 0-5; ventral sucker sub-globular, 0-35 in diameter, at one-third 
the body-length from anterior end; ratio of oral to ventral sucker 1:2 to 
2-5; ovary small, oval, along mid-transverse line or slightly ahead of it; 
testes median, close behind one another, in posterior half of body, margin 
smooth; anterior subquadrate or ovospherical, broader than long 0-18- 
0-22 x0-19-0-35, posterior ovospherical or sub-triangular 0-18-0-25 x0-18 
-0-2; ova 0-07-0-08 x0-039-0 -052. 

Host.—Podiceps ruficollis (Pallas) variety capensis, the Indian Little 

Grebe or Diver. 

Locality —Allahabad, U. P. 


Dates of Collection.—February 4, 1927 and October 17, 1929. 


gent 
E. 
chat 
becc 
E. ; 
exte 
of t 
of 1 
met 
inst 
bro 
so | 
wit 
cir! 
otk 
tra 
: an’ 
fro 
ex 
col 
ha 
ha 
th 
to 
oh 
ch 
: 


Studies on the Genus Echinochasmus 847 


Discussion on the Genus ECHINOCHASMUS. 

In view of the two new species described above, the definition of the 
genus Echinochasmus should be modified because (i) the heron species 
E. bagulat provides an arrangement of the collar spines different from that 
characteristic of the genus; the same is the case with (a) its vitellaria which 
become posteriorly confluent like that of E. tenuicollis Johnston, 1916 and 
E. perfoliatus shieldsi Tubangui, 1921, and (b) its cuticular spines which 
extend to the posterior end; (ii) the chambered nature of the main stem 
of the excretory bladder, reported for the first time here, is characteristic 


of this species; (iii) the second new species E. ruficapensis, unlike other. 


members of the genus, has its body broadest in front of the acetabulum 
instead of behind it; (iv) in both species the posterior testis is not always 
broader than long. Hence the existing definition is emended as follows, 
so that therabove characters may be incorporated in it. 

Generic Diagnosis of ECHINOCHASMUS (emended).—Small to medium sized, 
body short, rarely elongated ; widest part of body behind ventral sucker or 
just in front of it; in other words, behind intestinal bifurcation ; head collar 
with single or double row of spines, 20 to 34, interrupted in mid-dorsal line : 
cirrus sac small, almost in front of ventral sucker; testes large, one behind 
other, midway between ventral sucker and posterior end, anterior testes 
transversely elongated; ovary small, to right of median line, in front of 
anterior testis; vitellaria extend inwards behind testes and may join, in 
front extend to a little distance ahead of hinder om of ventral sucker ; 
excretory bladder chambered or entire.* 

Further, owing to the marked difference in the arrangement of the 
collar armature and the greater extent of its cuticular spines, the new species 
E. bagulai stands quite apart from the rest of the species of the genus. It 
appears proper to split up the genus into two sub-genera; one with forms 
having the collar spines arranged in single row, and the other with those having 
the collar spines in two alternating rows. But as I have some more forms 
to deal with in the second part of the paper, and in view of the characters 
of the new genus Episthochasmus, described hereinafter, I propose to take 
up this question together with the consideration of the sub-family Echino- 
chasminze as a whole. 

EPISTHOCHASMUS CANINUM 2.g., 1.Sp. 


Description—In June 1931, while working in the Indian Museum, 
Calcutta, through the courtesy of Col. H. W. Acton, then Officiating Director 


* I believe that in all forms the excretory bladder will be found to be chambered; until 
it is so proved I retain the word ‘entire’ provisionally. 
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0-4 mm. 


Fias. 7-8. Episthochasmus caninum n, sp. (from balsam mounts). 

7. Dorsal view of a contracted form: cirrus sac is displaced. 

8. Ventral view of a rather swollen-up specimen, to show the excretory 
system. Vitellaria sketched only on one side. 

of the Tropical School of Medicine, Calcutta, I was allowed to study the 
trematode parasites of the common Calcutta dogs which were being examined 
by Dr. A. K. Mukerji of the Hookworm Research Laboratory. Therefore I 
wish to record my sincere thanks to both of them for the facility offered to me. 
About 33 per cent. of the dogs examined, during the time of my stay, 
were infected with trematode parasites. Some were infected with the new 
form described here and some with also two other forms of parasites, one 
belonging to the genus Echinochasmus and the other to the family Hetero- 


phyide. These form the subject of another communication to be published 
shortly. 


The worms are delicate, thin and semi-transparent except in the region 
of the testes where they look whitish opaque. Their cuticle is beset with 
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hinder testis (Figs. 7 and 8). 


849 


minute spines which extend from the collar to a short distance behind the 


Even on the anterior region of the body they 
occur more sparsely than in members of the genus Echinochasmus. 


The body 


is broadest in the region of the testes; but between the acetabulum and the 
hinder border of the second testis the difference in width is very slight. In 


TABLE II. 


Dimensions of Episthochasmus caninum ng. n.sp. 


(Correct to two or three places of decimal.) 


(rainy expanded) (Somewhat con- ean 

Length body 1-21 | 1-05 0-88 
Breadth body, greatest 0-42 | 0-46 0-36 
Length anterior to 

acetabulum 0-46 0-31 0-28 
Length anterior to ovary .. 0-59 0-42 0-31 
Length anterior to first testis 0-69 0-506 0-46 
Length prepharynx 0-05 0-04 0-025 
Pharynx (L x B) ..| 0-076 x0-067 | 0-067x0-06 | 0-05 x0-05 
Length esophagus 0-109 0-084 0-05 
Collar (L x B) 0-17 x0-21 0-15 x0-22 0-13 x0-2 
Oral Sucker (L x B) -| 0-076 x0-084 | 0-06 x0-08 0-06 x0-07 
Acetabulum (L x B) -| 0-109 x0-143 0-117 x0-134 | 0-109 x0-134 
Cirrus sac (L x B) -| 0-126 x0-09 | 0-101 x0-084 | 0-126 x0-084 
Ovary (L x B) -| 0-084 x0-126 | 0-07 x0-11 | 0-076 x0-09 
Testis anterior (L x B) -| 0-134—0-109 | 0-134—0-101 | 0-126—0-084 

X0-25 x0-25 x0-22 
Testis posterior (L x B) -| 0-186 X0-235 | 0-17 x0-05 0-14 x0-21 
Previtellarial Space 0-29 0-25 0-17 
Post-testicular space L. 0-21 0-25 0-17 
B3 


F 
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this region, therefore, the sides are nearly parallel. Beyond this, in fairly 
stretched individuals, the body gradually decreases in width anteriorly as 
well as posteriorly (Fig. 8). Some specimens appear shorter and thicker 
either due to contraction, or they may be a different variety (Fig. 7). As I 
have not enough of such forms with me I cannot say this with certainty. 
Therefore they are considered here as contracted forms of the same species. 
In all, the anterior end is narrower than the posterior. The dimensions of 
three selected individuals, after fixation, are given in Table II. In 
the living condition the larger ones measured 1-0 to 1-5 in length and 1-5 
to 0-75 in maximum breadth, but the shorter forms measure 1-0 in length 
and 0-4 in breadth. 

The oral sucker is antero-terminal, more often slightly broader than long 
with an average diameter of about 0-07. It is surrounded by a prominent, 
transversally elongated collar about one-fourth to one and a half times as 
broad as long. Its dimensions, in an average sized individual (Table II, 
Specimen 2) are 0-15 long x 0-22 broad. The collar spines are prominent and 
arranged in two groups of 12 each, so that they are interrupted dorsally to 
the oral sucker as is characteristic in the genus Echinochasmus. Two of the 
dorsal spines of each side overlap the sucker in most specimens (Fig. 9), so 
that the interruption is roughly equal to the mouth opening. Thus the gap 
is smaller than in E. bagulai, the heron Echinochasmus. But the peculiarity 
of the spines lies in their arrangement. The six dorsal spines do not alternate, 
but are clearly disposed in one row, whereas the ventral and lateral spines 
are distinctly arranged in two continuous alternating rows, not segregated 
into any ventral group (Figs. 9 & 10). Thus the arrangement of the spines 


Fies. 9and 10. Collar spines of E. caninum n. sp. 


is clearly intermediate between that of the new species, E. bagulai, where 
they form two alternating rows on each side, and the rest of the known 
Echinochasmus species where they lie in one row. The spines are all of a uni- 
form length of 0-042— 0-05 except the ventralmost of each side which is 
slightly smaller than the rest, being 0-036 to 0-038 long. Their breadth is 
about one-third of the length. 
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The prepharynx is short and confined to the collar region and varies 
widely in length, with the contraction of the form (Table II, Specimens 1 & 3). 
It is always shorter than the pharynx, which is also more or less overlapped 
by the posterior border of the collar. The pharynx is usually longer than 
broad and varies in size from 0-05—0-076 x0-05—0-067. The cesophagus 
is one and a half to a little less than two times as long as the pharynx, 
but in very contracted forms it may be only as long as the pharynx. The 
intestinal ceeca are rather narrow and terminate 0-05 to 0-08 in front of the 
hinder extremity. The ventral sucker lies just behind the anterior third of 
body or slightly more forward, but never completely in the first third of the 
body. It is sub-globular in form, usually broader than long: its mean 
diameter in an average sized worm is 0-125. It is therefore a little less than 
or nearly twice as long as the oral sucker. 

The testes are large, closely in contact with one another ; the posterior one 
nearly always lies in the last third of the body, but the anterior, mostly, in the 
second third of the body. The anterior one has smooth margins and is always 
transversally elongated. It is one and one-fourth to nearly thrice (in extreme 
cases) as broad as long, and varies in shape from oval to nearly rectangular. 
The posterior testis also has usually entire margin; only rarely it is notched 
(Fig. 11). It is nearly as broad as the anterior, but always somewhat longer 


: 
O-5 mM. 
Fig. 11. Outline diagrams of ovary and testes of four different mounted 
preparations of caninum n. sp. 
than it. In shape it may be sub-triangular, ovoid, or semi-circular. The 
measurements of the testes are given in Table II and the variations in their 
shape and relative position of the ovary and the ventral sucker are depicted in 
Fig. 11. The post-testicular space varies in length from 0-17 to 0-25 
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according to the condition of contraction of the parasite. The cirrus sac is 
longer than in the genus Episthmium Luhe 1909 to which this form resembles 
in the extension of the vitelline glands in front of the acetabulum. It is 
also longer than in the allied genus Echinochasmus. In outline the cirrus sac 
is oval or pear-shaped and extends posteriorly along the dorsal surface of the 
sucker to about its middle or even more backwards; but it never quite 
reaches the posterior margin of the sucker. It is usually constricted into a 
smaller anterior and a much larger posterior part. The anterior part is sur- 
rounded by the prostatic glands. It is one and one-fourth to one and a half 
times aslongas broad. The genital pore is median and situated nearer the 
intestinal bifurcation than the margin of the sucker. 


The ovary is much smaller than the testis and lies to the right side of the 
median line just ahead of the equatorial zone or slightly touching it. In 
outline it is rarely circular : more often it is oval, sometimes quadrate or 
even elongated. Its relative position between the sucker and the anterior 
testis also varies a little in correlation with the contraction or expansion of the 
particular region of the body. In the majority of the specimens examined 
it is placed equidistantly between the anterior testis and the acetabulum, 
but its position may be shifted a little more forwards or backwards in fixed 
specimens (Fig. 11). The shell gland is diffuse and lies to the inner side of 
the ovary. Between it and the anterior testis is the small vitelline reservoir. 
Laurer’s canal is present, but receptaculum seminis is absent. The uterus 
is short and has very thin walls. It contains very few operculated eggs, of 
large size, 0-084 x0-05—0-06. Out of ten specimens examined at random 
four had no eggs, three had one egg each, two had two eggs each and one had 
three eggs. The vitellaria consists of small follicles which have a tendency 
to run together and form bigger follicle groups, more usually transversally 
elongated. They run laterally, overlapping the ceca, from the region of the 
intestinal bifurcation to near the posterior extremity and pass beyond the 
intestine. The follicles of the two sides meet each other both in front, over 
the intestinal rami, and behind the posterior testis. A few follicles reach the 
lateral border of the acetabulum and the ovary, and may even overlap them. 
Thus, the present form differs from all known species of the genus Echino- 
chasmus Dietz, in the greater extension of its vitellaria forwards; but the 
vitellaria do not approach the condition seen in the genus Episthmium Luhe 
where they extend right up to the pharynx. The condition of the vitellaria 
in the new species, therefore, is intermediate between that of the allied genera 
Echinochasmus and Episthmium. ‘The transverse vitelline ducts arise at 
the level of the front margin of the anterior testis and running straight inwards 
join to form the small yolk reservoir. 
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The excretory system is like that already described in Echinochasmus 
bagulai. The bladder is distinctly five-chambered from the innermost chamber 
of which arise the wide lateral cornua, just posterior to the second testis. 
They run forwards parallel and internal to the intestinal ceca. After passing 
the ventral sucker they cross the intestinal bifurcation and lie outside the 
cesophagus, terminating just behind the collar. A pair of lateral branches 
originate from each excretory chamber, and the cornua also give off branches 
in the typical Echinostomatid manner. The details of branching were not 
studied, but the chambered condition of the main stem and the nature 
and extent of the cornua are distinctly visible in a number of entire worms 
prepared and mounted in a particular way. It can be clearly seen that each 
chamber opens into the succeeding one by a conical valve-like projection 
(Fig. 8) just like that beautifully apparent in sections of Orientochasmus 
gangeticus, a new genus of Echinostomatids from the porpoise described 
by me in another paper awaiting publication. 


Systematic Position. 


From the foregoing account of the new species it is evident that it belongs 
to the Sub-Family Echinochasminz, but it does not fit in any of the known 
genera. In its collar spines arranged half in one row and half in two alternat- 
ing rows, it combines the features of the new species Echinochasmus bagulai 
and the rest of the species of that genus. But it cannot be placed in that 
genus because of its much greater extent of the vitelline glands. In this 
respect it also differs from the other allied genus Episthmium Luhe 1909, 
in which the vitellaria extend still further onwards, right up to the pharynx. 
Thus, in the extent of the vitellaria, it stands midway between the genera 
Echinochasmus and Episthmium. In the form and size of its body it stands 
nearer the former, but it approaches the characters of the latter in (i) its spines 
being not very dense, even on anterior region of the body, (ii) in the small size 
of its prepharynx, (iii) in the comparatively forward situation of its pharynx, 
(iv) in its posterior testis being longer than the anterior, and (v) in the paucity 
of eggs in the uterus. But it differs from this genus in its larger cirrus sac, 
in the position of the ovary and the size of its eggs, over and above the differ- 
ences noted already. 


Thus two courses appear open, either to radically emend the definition 
of the genus Episthmium so as to include this form,*or to create a separate 
genus for it. If the former course is adopted there will be little difference 
left between it and the genus Echinochasmus. Why then should all these 
forms not be included in one genus which should be defined accordingly ? 
As I have, in hand, some more forms to study I am not yet prepared to 
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adopt this course, in the hope that they may throw more light on the relation- 
ship of these genera. I therefore propose to place this mammalian form in a 
new genus which I designate Episthochasmus, and for which I give the 
following diagnosis. 
Generic Diagnosis of Episthochasmus n. g. 

Echinochasmine : Body short, widest in region of testes; sides nearly 
straight from acetabulum behind ; cuticular spines present but not dense; 
head collar broad with spines interrupted dorsally ; dorsal spines in single 
row, ventral and lateral in alternating rows ; cirrus sac medium-sized, reaches 
beyond centre of acetabulum. Testes contiguous, transversely elongated and 
large, in posterior half of body, posterior longer than anterior ; ovary small, 
roundish, to right of median line ; vitellaria well-developed, from over intesti- 
nal bifurcation to near posterior extremity, confluent in middle line both in 
front and behind ; main stem of excretory bladder five-chambered; uterus 
short, with few eggs. In intestine of mammals. 

Specific Diagnosis of Episthochasmus caninum 1. sp. 

Episthochasmus ; with characters of the genus; Body length 1-0—1-5, 
greatest breadth in region of testes 0-4—0-75; oral sucker small average 
diameter 0-07; collar broader than long 0-13—0-17 x0-2—0-22; collar 
spines 24, interrupted dorsally to mouth opening ; dorsal 6 spines in single 
row, the rest in alternating rows, innermost ventral smaller 0 -036 —0-038 long, 
rest nearly equal 0-042—0-05 long, breadth about one-third of length ; pre- 
pharynx 0-025—0-05 long ; pharynx longer than broad or subequal 0-076 — 
0-05 x0 -067 —0-05 ; cesophagus as long as or longer than pharynx 0-05— 
0-109; acetabulum just behind or at level of anterior third of body 0-134 — 
0-143 x0-109—0-117 ; ratio of suckers 1 : 2; ovary roundish or oval, behind 
equatorial line or just overlapping it, 0-07—0-084 x0-09—0-126; anterior 
testis oblong to rectangular with rounded corners, much broader than long 
0 -22—0-25 x0-084—0-134; posterior roundish, sub-triangular to semi- 
circular, broader than long 0-21 —0-25 x0-14—0-186; ova in uterus upto 3, 
size 0-084 x0-05—0-06. 

Host.—Pariah Dog of Calcutta. 

Location.—Posterior intestine. 

Locality—Calcutta. 

Summary. 

The presence of a chambered excretory bladder in some Echinostomatid 
genera is reported for the first time. 

Two new species of Echinochasmus, E. bagulai from the common pond 
heron and night heron, and E. ruficapensis from the Little Grebe or Diver 
are described, and their specific diagnoses are given. 
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The definition of the genus Echinochasmus is emended, and a suggestion 
thrown out for splitting it up into two sub-genera. 

A new genus Episthochasmus is created for a new species of parasitic 
Echinostomatid from the common dog of Calcutta. The generic diagnosis 
of the new genus and the new species E. caninum is given. 


KEY TO LETTERING OF FIGURES. 


cb “* Chamber of excretory bladder. 
cc Cephalic collar. 

ccs Collar spines. 

ce ee Cornua of excretory bladder. 
cs i Cirrus sac. 

e Egg. 

eb ai Excretory bladder. 

ed er Excretory duct. 

ep ea Excretory pore. 

gp Genital pore. 

Intestine. 

0 Ovary. 

0.c.b. ia Opening of excretory chamber into the other. 
9e ine Oesophagus. 

Pharynx. 

sg a Shell gland. 

t Testis. 

ud Vitelline duct. 

vg Vitelline glarids. 

vr re Vitelline reservoir. 

us “ Ventral sucker. 
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7. Introduction. 


Dolichos lablab is a field bean usually grown in dry lands as a rain-fed crop. 
It is grown either pure or mixed with sorghum with which it is a common 
mixture in the red loams of Coimbatore. It is drilled at intervals among 
the sorghums and when the earheads are cut, late as the bean is, it twines 
on the sorghum stalks, profusely flowers and gives the crop of both green and 
dry pods so much esteemed as the pulse of the poorer classes. Its vines 
when cut with the sorghum straw give a mixed feed of good fodder value. 
This close association with sorghum led to its study with a view to its improve- 
ment. The study of the garden variety of this bean was taken up as an 
adjunct to that on ‘the field variety. 

This bean must have been one of the most ancient among cultivated 
plants—possibly more than 3,000 years old. Its wild forms are found in 
India and this country was probably the place of its origin. From India 
it is likely that it was introduced into China, Western Asia and Egypt. It 
is a field crop in Madras, Bombay, Central Provinces and Berar. In the 
Bombay Presidency it follows rice as asecond crop. The garden varieties are 
tare in Northern India, but common in Central, Western and Southern India 
and in Bengal. 

With the onset of the monsoon there is not a house with any open space 
attached to it but does not grow this vine which gives the household a 
continuous supply of good green pods for a few months. It is no wonder 
therefore that the diversity in its habitat has been enormous and the intensity 
of the hand of man in the selection and perpetuation of desirable variants, 
very keen. There is hence a wealth of varieties in this important pulse 
that makes it a rich repository of genetic material. 

2. Names. 


Lablab is a papilionaceous legume falling under the group Phaseolea. 
This field bean is called in Western countries the Bonavist, possibly from the 
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ornamental effect of the vine in full bloom. It is also called the Hyacinth 
bean from the effect produced by the deep lilac flowered variety. It is called 
Anapa and Chikkudu in Telugu, Mochai and Avarai in Tamil, and Avare in 
Kanarese. Its North Indian names are :—Shim (Bengali and Hindustani), 
and Val (Gujarati and Mahrati). 


Its botanical name is the subject of extensive discussion (Piper and Morse, 
1915) but in spite of much alternative nomenclature its name Dolichos lablab 
stands to mark this bean. Dolichos is the Greek word for long pod ; lab-lab 
is the Arabic or Egyptian name, possibly onomatopcetic to the dull rattle of 
the seeds inside the dry pods. 


3. Previous Work. 


Very little work has been done on the study of this bean and the inherit- 
ance of its characters. Piper and Morse (1915) give a description of a 
number of varieties. Harland (1920) made a cross between an indeterminate 
variety (Vilmorin’s Stringless) and a determinate variety (St. Vincent Bush 
White) and found the indeterminate habit a simple dominant to the determi- 
nate habit. In seed colour he obtained a 9: 3: 4 ratio of black : brown : white 
and in flower colour a 9: 7 ratio of purple: white and a3: 1 ratio of purple: 
green in plant body. Jogi Raju (1923) gives an outline description of 10 
varieties of this bean. 


4. Varietal Characteristics. 


There are two varieties in this bean, the field bushy variety and the garden 
twining pole variety. A study of avery large number of selections in each 
of these showed that the field varieties tend to group round Dolichos lablab 
(Roxb.) and the garden varieties round Dolichos lablab (1,.) It was seen that 
while many marked differences exist between the two, there is no clear-cut 
separation possible between them. The distinction between them on the basis 
of pod tips (Roxburgh, 1832) and on the basis of the disposition of the long 
axis of the seeds to the sutures (Prain, 1897) indicative as they are of the 
broad trend that way, is not clear-cut enough to serve as reliable guides to 
their separation, especially in view of the wealth of blended forms. The 
nature of the pod texture, however, constitutes the basic economic difference 
between the two varieties. The field variety has tough firm-walled parch- 
mented pods. In this variety the seeds alone are consumed. The garden 
variety has tender edible pods, some of them so soft as to wrinkle on drying. 
The marked difference in appearance between the field and garden varieties 
consists in the bushy habit of the former and the ready twining habit of the 
latter. Harland’s separation of the two groups bushy and climbing by their 
determinate and indeterminate habits respectively is hard to comprehend. 
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In the very large number of varieties grown at Coimbatore, representing 
all parts of India and many places outside, it has not been possible to observe 
a single case of a terminal inflorescence that made the plant habit determinate. 
The main axis produces about 10-20 internodes after which the growing 
point generally dries up. The primary, secondary and tertiary branches 
grow up to about 7, 4 and 3 feet respectively. Up to 30 internodes are pro- 
duced in primary branches and about 20 in the secondary and tertiary 
branches. Peduncles arise in leaf axils all over the plant—on the main axis, 
the primary, secondary and tertiary branches. They are profuse on the last. 
(Fig. 1.) 

It is the compact disposition of the internodes that gives the field variety 
its bushy habit and not its “‘determinateness’’. The bushy habit, the short 
internodes and the quick succession of axillary inflorescences adapt it to the 
field pole-less condition without in any way making it determinate. Given 
favourable chances most of the bushy varieties are capable though tardily 
of twining up and simulating the garden variety in habit. 


Another important character that differentiates the two groups is the 
presence of oil glands in the field varieties which give the neighbourhood of its 
cultivation the heavy green bug smell characteristic of this crop. This 
glandular equipment makes the field variety less susceptible to the attack 
of aphids than the garden varieties. The glands of the field variety are best 
manifest at flowering time when they are seen at the axil, inflorescence 
and heavily on the pods. ‘This oily secretion makes the tough pod very un- 
palatable as a vegetable ; only the seeds are edible. The aroma of the dry 
pods flavours the drinking water of cattle and all the husk from the threshing 
floor is used up as a cattle feed. The glands have a volatile oil that could be 
distilled with steam. In small-scale experiments this oil has proved an anti- 
dote to the aphids in the garden varieties (Rangaswami Ayyangar, 1932-33). 
Further experiments in their extraction and use are indicated as a profitable 
line in indigenous insecticides. In the garden variety with its edible pods, 
there is an absence of these glands and their smell. 


Field varieties are sown with the advent of the monsoon in July—August, 


come into flower in November—December and are harvested in January— 


February. Before flowering these require 16-17 weeks of vegetative growth. 
Sowings were made with the field variety in all the 12 months of the year and 
it was noticed that there was a progressive decline in the vegetative period 
until the December sowings which flowered in 6 weeks. The most adverse 
sowing proved to be January which took 41 weeks to flower. In the garden 
pole varieties accustomed to greater accommodation and wider growth condi- 
tions and less susceptible to cyclic sowings and more the object of care under 
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domestication, similar monthly sowings showed that the flowering period 
could be ushered in, after 26 weeks, as against the 41 weeks of the field variety 
in the same adverse January sowing. Field and garden varieties grown in 
pots betray their individuality even when they are seedlings a month old 
(Fig. 2). These facts show the extent of physiological changes introduced 
into the garden variety consequent on intense domestication, so much so that 
years of habit have tended to stabilise differences between the two groups. 

On the whole, the evolution tending to the production of garden varieties 
seems to have been along lines that softened the pods and eliminated the 
oil from it in addition to giving the vine a marked twining habit, drawn out 
flowering and a more continuous supply of edible pods. 


5. Flowers and their Pollination. 


In field varieties flowers arise on glandular fascicles borne along the 
peduncle. The number of fascicles on the peduncle varies from 6 to 12, 
nine being the average. The largest number of buds are formed on the 
bottom fascicle and this number decreases from bottom to top. The top 
3 to 4 fascicles and the bottom 1 to 2 are less fertile than the middle ones. 
The percentage of total pods set to buds produced is only about 20. This 
remarkable poverty in pod setting is equally chronic in the garden varieties 
where it is a common experience to find the shade of the arbours of this vine 
carpeted with fallen flowers. 

In the young immature bud the anthers are far behind the level of the 
stigma. The stamens are alternately long and short, 9 united at the bottom 
and one free. As the bud grows the staminal filaments elongate more rapidly 
than the style and the anthers dehisce when those of the long stamens come 
above or on a level with the stigma. The pollen from these are shed on to 
the stigma, while the pollen from the short stamens are shed over the hairs 
of the beard below the stigma. Flowers open generally 2 days after anther 
dehiscence. They open throughout day-time. None was observed to open 
at night. Opening is most frequent between 11 a.m. and 5 p.m. Measure- 
ments made on buds showed that at the dehiscence stage the buds are slightly 
smaller than their maximum size. In the variety studied the maximum 
length attained by the upper posterior margin of the bud was 14-5 mm., 
while the anthers were found to dehisce inside when this length is between 
11 and 13 mm. 

Harland considers that this crop is entirely self-fertilised. Stray natural 
crosses have occurred at Coimbatore. Thrips and the carpenter bee noted 
by Dr. Harland in the West Indies were also found to frequent these flowers 
occasionally, serving as agencies in the above stray instances of natural 
cross fertilization. 
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6. Technique of Crossing. 


It has been noted that the anthers dehisce inside the bud about 2 days 
prior to the opening of the flower. Buds emasculated and pollinated imme- 
diately before the stage of dehiscence are found to be the most successful in 
setting. With a little experience it is possible to estimate this stage correctly. 
One of the main difficulties experienced in artificial pollination is the shedding 
of the bud during manipulation. It is therefore important to handle the 
mother bud carefully. The bud is lightly held between the thumb and 
fore-finger of the left hand and the standard slit up with the point of a needle. 
The standard flaps are then bent down and held up. The overlapping wing 
petals are also bent down similarly. The keel petals are now slit up and cut 
off and the undehisced stamens removed. ‘The stigma is examined with a 
hand lens to make sure that there are no pollen grains sticking to it. The 
flower is now ready for pollination. A narrow slit at the back of the bud 
where the margins of the standard unite has been found to indicate that 
the anthers inside have just dehisced. For providing the pollen a bud at 
this stage is removed from the male parent. The standard and wing petals 
of the bud are now removed. ‘The tip of the keel tube is pressed with the 
fingers and the pistil and anther filaments pulled out. The tube is held 
pressed in order to hold up as much of the pollen as possible inside it. The 
keel tube with the mass of pollen inside is then slipped over the stigma of 
the emasculated bud ensheathing its style and stigma. ‘The use of the keel 
tube is superior to other methods in that it gives the stigma surroundings 
approximating the natural and also guards against the risks incidental to 
handling the pollen directly. The bud is protected against insects by a 
small tissue paper bag. It has already been noted that the percentage of 
pods set to buds formed is about 20 under natural conditions. Pod setting 
under artificial pollination is therefore very meagre, being in some years as 
low as 2 per cent. of the flowers handled. 


7. Disposition of Hairs on Internodes. 

There are two plant habits—twining and bushy. The former is in the 
garden varieties, and the latter in the field varieties. In the former the 
disposition of the hairs on the internode is downward in direction and in 
the latter, upward (Figs. 3 and 4). In the young seedlings of both the 
varieties the hairs are upward in the epicotyl, hypocotyl, petiole and pulvinus. 
In the leaves of both the varieties the hairs are about perpendicular to the 
leaf surface. The differentiation comes up only in the growing internodes. 
In the field variety the hairs continue to be upward as in the epicotyl, etc., 
but in the garden variety the hairs turn downwards, obviously an adaptation 
gained through continuous garden pole cultivation. This tendency to the 


od 
ty 
in 
Id 
ed 
at 
es | 
ne 
ut 
1€ 
1e 
| 
is 
e 
e 
n 
y 
e 
i 


862 G. N. Rangaswami Ayyangar & K. Kunhi Krishnan Nambiar 


upwardness and downwardness of hairs may be said to be fairly constant, 
being upward in field varieties and downward in garden varieties. But 
since there is no clear-cut separation in the agronomic concepts of field and 
garden varieties, one gradually running into the other, a strict delimitation 
of this character is therefore beset with difficulties. Anyhow it is interesting 
to note that this differentiating character behaves as a simple Mendelian unit. 


In 1931, a plant with downward hairs was spotted in a population of 
plants with upward hairs and this was suspected to be a natural cross. The 
F, from this segregated into 398 seedlings with hairs downward and 139 
with hairs upward, showing a simple monohybrid segregation. From this 
Fy, 14 sections of upward hairs were taken and all of them bred true. Of 
the 46 taken with downward hairs, 34 segregated again for downward and 
upward hairs and 12 were pure for downward hairs. This disposition of the 
hairs and its heritable nature gives a fairly reliable guide of a qualitative 
type to the separation of the field and garden varieties. A number of crosses 
made and under study between field and garden varieties have given F plants 
all of them with downward hairs, confirming the simple dominance of the 
downward hair character associated with the twining habit. The factor 
responsible for the production of downward hairs may be designated H. 
Upward hairs will therefore be due to the factor h. 


8. Erect and Drooping Pods. 


A second direction in which the garden varieties have been evolved 
from the field ones is in the production of drooping pods. Most of the field 
varieties have erect pods, the pods being perpendicular to, or making an 
upward acute angle with the peduncle (Fig. 5). Some field varieties have 
drooping pods (Fig. 6). All the garden varieties have drooping pods, the pods 
when ripe, drooping down alongside the peduncle. This drooping condition 
is a consequence of pod softening, in contrast to the erectness of tough pods. 


There are a few other distinguishing features associated with this cha- 
racter pair. Erect pods have tough walls that are only slightly segmented. 
The septa which isolate the segments when unripe detach themselves from 
the pod walls and allow a free rattle of the seeds inside. The inside of the 
pod wall is markedly parchmented, the parchment layer being white and 
opaque. Drooping pods have walls that are segmented and less tough. The 
septa are generally intact and on shaking, the pods make very little noise. 
The parchment layer is found only in small patches or is almost absent making 
the pod walls translucent against light. The surface of the pod wall is slightly 
wrinkled, betokening the desiccation of softer tissue. On crushing it easily 
crumples, as opposed to the flaky bits of husk from erect pods. 
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This erectness of pods seems to be due to the presence of two independent 
factors E, and Eo, either of them or both producing the erectness. The 
drooping pod seems to have been derived by the dropping out of both these 
factors for erectness. In segregations for this character both 3:1 and 15:1 
ratios have been obtained (Tables I and II). 


TABLE I. 
Erect pod x Drooping pod—(F\—Erect pod.) 


F, Family No. Erect Z 
D. L. 101 -- 131 39 
112 190 53 

» 116 159 | 46 

672 ..{ 118 53 

673 41 14 
Total ..| 639 205 
Expected,3:1 .. 633 211 


The degree of erectness seems to differ a bit according to the genetic 
composition of erect pods but due to the differential development of the pods 
and the action of weather conditions, a delineation and pursuit of sub-groups 
among erect pods have not proved practicable. 

9. Narrow Pods. 

A third line of evolution leading towards common domestic varieties is a 
widening or narrowing of the medium pod of the field varieties. There is a 
wealth of pod sizes and shapes characterising the garden varieties. In the 
field variety there is only one common pod shape. This is medium in width, 
being a little broader towards the tip end (Fig. 7). The average length of 
the pod is 4? cm. At the broadest part towards the tip end it is about 1}? cm. 
wide. This is the usual width of pods in field varieties. A simple variant 
of this pod size has been met with in field varieties (Fig. 8). This variant is 
narrower than the typical field variety, and more uniformly so through its 
length. Its width is about 1} cm. This narrowing in width which is brought 
about by a lengthening and a deeper inarching of the top suture has not 
affected pod length, but has naturally had its effect on seed size, which in 
the narrower pods is smaller and less flat. A single factor W, seems to 
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TABLE II. 

Erect pod x Drooping pod—(F\—Erect pod.) 
F, Family No. | Erect | D?°P- 
ing 
D. L. 102 -.| 230 11 
» is ..| 148 7 
348 ..| 3 
887 | 17 
378 ..| 316 12 
» 579 ..| 213 15 
..| 289 19 
602 ..| 319 29 
634 64 4 
» 641 2 
670 ..| 156 11 
Total ..| 2,413 153 
Expected, 15:1..| 2,406 160 


determine this particular difference in pod width in the field varieties. 
(Table III.) 


10. Septa in Pods. 

Narrowness in pod width having been secured, a fourth line of evolution 
(which arose through an absence of the parchment layer and a softening 
of the pod tissue) has been a disappearance in some narrow pods of the septate 
condition and its replacement by the bloated non-septate condition (Fig. 9). 
One collateral effect of this erasure of the septa in narrow pods is a re-align- 
ment in the disposition of the seed. In the septate pod it is perpendicular 
to the pod suture. With the disappearance of the septa and the attendant 
bloating, the seed tends towards having a disposition parallel to the suture. 
Intermediate between the perpendicular and parallel dispositions are various 
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TABLE III. 
Pod width. 
Medium x Narrow—(F, — Medium.) 
F, Family No. | Medium| Narrow 
D. L. 123 48 18 
» 571 32 13 
» 573 46 19 
», 574 33 14 
» 576 59 20 
897 34 11 
» 578 34 11 
Total 286 106 
Expected, 3:1 ..| 294 98 
TABLE IV. 


Septate x Non-septate—(F ,—Septate.) 


F, Family No. | Septate Rl 
D. L. 628 70 22 
yy 675 131 39 
929 58 17 
», 930 37 10 
» 931 68 23 
9 933 64 30 
Total 428 141 
Expected, 3:1 ..| 427 142 
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stages and varying angles according as the pod is medium, wide or narrow, 
straight or curved of degrees. The differentiation sought to be made between 
D. lignosus, 1,. and D. lablab, L,. in terms of the above seed disposition looks 
therefore untenable. The septate condition of pods has proved a simple 
dominant to the soft, bloated non-septate condition as the following experi- 
ences will show (Table IV). The septate condition may be denoted by the 
symbol S and the non-septate by s. 


11. Depth of Chlorophyll. 

Lablab vines both field and garden have the normal tint of green. All 
field varieties have the standard green colour. But some of the garden 
varieties have a chlorina type of green which gives the whole vine looked 
en masse a light green appearance. This light green while being visible in the 
early vegetative stages of growth is most markedly seen in the mature 
flower buds in the rear of the standard. Undried pods show this difference 
between green and light green. In the garden varieties a whole range of light 
green pods have been picked out and perpetuated and are in existence as 
definite current varieties. With a background of both green and light green, 
the super-imposition of purple pigment entire or localised, gives the many 
varieties with the distinction of their background being either green or light 
green. All these light green pods when tasted raw have the advantage of 
being sweeter to the taste than green pods. This sweetness finds an index 
in their greater susceptibility to the attack of ants than is the case with corres- 
ponding green pods. This light green character which is another step in the 
evolution has proved a simple recessive to the normal green character. 


TABLE V. 
Green Light green—(F,—Green.) 


F, Family No. | Green i 

D. L. 264 ee 104 42 

», 660 A 17 6 

» 667 on 97 35 

», 676 ..| 318 91 

Total ..| 536 174 

Expected, 3:1 .. 533 177 
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(Table V.) This lighter manifestation of chlorophyll green is provisionally 
designated by the symbol C, (Green), and c, (light green). 


Summary. 


Dolichos lablab exists both as a field and as a garden variety. The latter 
has evolved out of the former. The downward hairs (H) in the internodes 
of the garden variety are a simple dominant to the upward hairs (4) of the 
field variety. Erect pods (E), E, or E,;E2) are dominant to drooping pods (¢)é). 
Two factors exist, either of which or both might give erect pods. In the absence 
of both, pods droop. Pods of medium width (W,) proved dominant to pods 
of narrow width (w,). In narrow podded garden varieties the septate (S) 
condition of the pods proved dominant to the non-septate (s) bloated condi- 
tion. In field varieties all pods are green in colour. In garden varieties 
pods may also be light green in colour. This difference is reflected in the 
whole plant. The normal green colour (C,) is a simple dominant to the light 
green (C,). 
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EXPLANATION OF PLATES, 
Fic. 1.—.Dolichos lablab—Field variety. 
Fic. 2.—Seedlings, a month old—(a) field, and (b) garden variety. 
Fic. 3.—-Downward hairs. 
Fic. 4.--Upward hairs. 
Fic. 5.—Erect pods. 
Fic. 6.—Drooping pods. 
Fic. 7.—-Medium broad. 
Fic. 8.—Narrow. 


Fic. 9.—Septate and Non-septate pods. 
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IN PLANT NUTRITION. 


Part VIII. Influence of Fermentable Organic Matter on the Transformations of 
Iron in the Swamp Soil. 
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THE discovery of the importance of minerals in plant nutrition and the 
realization of increased yields on application of mineral fertilisers led to 
considerable amount of interest in the related chemical and biological trans- 
formations in the soil. Particular attention was paid to the changes in 
essential fertilising ingredients such as potash and phosphoric acid and their 
availabilities under diverse soil conditions and to different types of crops. 
Comparatively little is known, however, regarding similar changes relating 
to certain other minerals such as iron, aluminium and silicon which, though 
not so important, are nevertheless present in very much larger quantities 
and do, under certain conditions, profoundly influence plant growth and 
metabolism. It is thus well known that although most soils contain sufficient 
amounts of iron to meet the normal requirements of crops, there are yet some 
which are deficient in that element—at any rate, in readily available form. 
There are also certain conditions when abnormally large quantities of that 
metal pass into solution and adversely affect plant growth by either direct 
action or by precipitating other elements such as phosphorus and thus reduc- 
ing their availability in the soil. Very little information is available however 
regarding the cycle of changes undergone by those minerals in the soil and 
their relation to the decomposition of organic matter, especially under the 
conditions of the swamp soil. 

There is considerable amount of literature relating to the chemistry and 
bacteriology of iron in geological formations, purification of water and disposal 
of sewage. They have been summarised in the monographs of Molisch (1910), 
Ellis (1919) and Cholodny (1926). The transformations of iron relating to 
pan formation in the soil have been studied by Morison and Sothers (1914). 
The physico-chemical and the biological considerations relating to the solution 
and precipitation of iron have been investigated by Halvorson and Starkey 
(1927, 1931). The latter authors have drawn attention to the importance 
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of H-ion concentration, oxygen pressure and carbon dioxide tension in the 
associated changes. They have also shown that, in addition to the auto- 
trophic iron bacteria, several of the commoner saphrophytes can bring about 
transformations of iron. Precipitation of iron may be due to a variety of 
causes some of which are purely chemical. Their researches have revealed a 
number of new facts and have emphasised the need for further systematic 
work on the subject. 


In the course of an enquiry on the chemical and biological changes 
attendant on the decomposition of cane molasses in the swamp soil (Bhaskaran, 
Narasimhamurthy, Subrahmanyan and Sundara Iyengar, 1934), it was 
observed that considerable amounts of ferrous iron were first brought into 
solution and after a certain period were either oxidised to insoluble ferric 
forms or otherwise reprecipitated into the soil system. The period of maxi- 
mum dissolution of iron corresponds to the early stages of puddling. At that 
stage the soil is known to contain toxic principles which kill out the existing 
vegetation and are inimical to any crop which may be planted. After some 
time, corresponding to the stage when ferrous iron is removed from the soil 
system, the toxicity also wears off. Since even minute quantities of ferrous 
iron are toxic to plant growth, the foregoing observations are highly significant. 
The changes that follow the oxidation and reprecipitation of iron are also 
of much interest because they represent conditions that are highly favourable 
to the crop and are responsible for the phenomenal increase in yields reported 
from different parts of the World (vide Subrahmanyan, 1933). Since molasses 
contains very little of nitrogen or minerals (except potash) and has otherwise 
no direct fertilising value (the sugars disappearing within the first few days), 
it may be reasonably expected that its beneficial effects are largely associated 
with the increased availability of minerals which follows its application 
(Bhaskaran et al., loc. cit.). ‘The precipitated iron is in a finely divided condi- 
tion and may be eventually expected to turn into ferric oxide. Since the 
previous work of Harihara Iyer, Rajagopalan and Subrahmanyan (1934) 
has shown that such oxides act as fertilisers by hastening the rate of decomposi- 
tion of organic matter in the soil and thus providing increased supply of 
carbon dioxide and other forms of plant food, it may be reasonably expected 
that the changes that follow the precipitation of iron are also of considerable 
practical interest. In view of the importance of the above and the need for 
further knowledge regarding the transformations of iron in the swamp soil, 
the present study was undertaken. 

Experimental. 


Materials —Four types of soils, representing different parts of India and 
varying widely in their reactions were used. They were, (1) peaty (Kart) 
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soil from Central Travancore, .(2) black cotton soil from Nagpur, (3) alkali 
(Kalar) soil from Sindh, and (4) laterite type of soil from Bangalore. Their 
total iron contents (A.O.A.C., 1930) on the air-dry basis and H-ion concentra- 
tions (Colorimetric, using a Hellige comparator) were as follows (Table 1). 


TABLE I. 
Peaty soil— Black cotton soil— bil . Laterite soil— 
Item Travancore Nagpur Alkali soil—Sindh Bangalore 
Total iron (as Fe) 3-5 6-6 3-6 3-9 
per cent. 
Pu 2-8 8-0 8-0 6-6 


It may be seen from the above that, with the exception of the black cotton 
soil, all of them contained nearly the same amounts of iron. The reaction 
showed considerable variation. The peaty soil contained free sulphuric acid 
(Pillai and Subrahmanyan, 1931) which was probably mainly responsible for 
its high acidity. The laterite soil was free from carbonate. The Sindh soil 
contained alkali carbonate and the black cotton soil, largely calcium carbonate. 

Molasses was not used in the present study because it contained (1) a 
number of other organic substances—though in small quantities—in addition 
to the sugars and (2) small amounts of nitrogen and minerals which might 
interfere with the transformations of iron in the soil. It was also found 
that it was difficult to obtain accurate estimates of iron (ferrous as well as 
ferric) in presence of molasses and its products of decomposition. For 
the above reasons, commercial glucose was applied as the fermentable organic 
matter. In view of the simplicity of composition and comparative freedom 
of that product from impurities, it was hoped that it would be possible not 
only to follow the changes in iron but also to correlate the observations with 
the attendant transformations of carbon. 


MeEtTHODS.—Estimation of iron.---The usual methods adopted for the 
estimation of iron in solution Cannot be applied to the system under study 
because of the presence of the organic matter of the soil and the various 
products of fermentation. It was chiefly on account of this difficulty that 
Morison and Doyne (1914) could not draw any conclusion regarding the 
ferrous iron of the different soils which they studied. The introduction 
of diphenylamine as an internal indicator (Knop, 1924) and the use of phos- 
phoric acid to sharpen the end-point greatly facilitated the study. Kolthoff 
and Sarver (1930) studied the properties of diphenylamine and showed that 
it is a true oxidation—reduction indicator developing a characteristic blue 
colour at a P.D. of 0.51 V. Schollenberger (1931) further investigated 
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the conditions relating to the development of blue colour and showed that 
the ferric iron formed during the titration interfered with the accuracy and 
led to the development of the blue colour even before all the ferrous iron was 
oxidised. He found that either hydrofluoric acid or alkali fluoride helped 
to convert ferric iron into poorly dissociated salts and thus sharpened the 
end-point. In spite of these useful advances, it was found that the procedure 
was largely empirical: that the end-point varied with the concentration 
of mineral acid (sulphuric) in the medium, the quantity of fluoride and 
the volume of indicator solution, none of which, beyond a certain minimum, 
should normally have any influence on the accuracy of estimation. The 
procedure had therefore to be standardised under the conditions of the 
present research and corrections applied for the different forms of organic 
matter present in the medium. 


In one set of experiments, the same volume of a solution of ferrous- 
ammonium sulphate was titrated against standard dichromate, the concentra- 
tion of sulphuric acid being varied while the total volume of the mixture, the 
quantity of sodium fluoride and the volume of indicator solution were main- 
tained constant. In another, the quantity of fluoride was varied, while, in 
a third, the volume of indicator was altered, the other items being maintained 
the same. The details of the experiments, as also the results obtained, 
have been given in Table II. 


The indicator solution used in the above experiment was prepared by 
dissolving 0-5 g. of diphenylamine in 100 c.c. of concentrated sulphuric 
acid and then diluting with 20c.c. of distilled -water. 


It may be seen from the above results that a fairly high concentration 
of acid, a useful quantity of sodium fluoride and a very small volume of 
indicator are required to obtain the correct results. More concentrated acid 
and larger quantity of fluoride are unnecessary, while a still smaller volume 
of the indicator does not develop sufficient colour to obtain a sharp definition 
of the end-point. 


Correction for the organic matter of the soil and the reducing action of the 
products of fermentation —To 5 c.c. lots of the solution of ferrous ammonium 
sulphate used in the previous experiment, known amounts of ferric sulphate 
(in solution) were added and the mixtures titrated against dichromate in 
presence of either internal or external indicator. Another set of samples 
was titrated as such against standard permanganate. The trials were next 
repeated after reduction with zinc and sulphuric acid to include ferric iron. 
The same experiments were next carried out after adding to the iron solution 
a mixture containing small quantities of each of the following—glucose, 
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TABLE II. 
Effect of varying the quantity of fluoride, the concentration of acid and 
the volume of diphenylamine indicator on the accuracy of the 
litre value. 


Dichromate 
Composition of titration mixture (0-02N) Remarks 
required (in c.c.) 


I. Fe. Am. sulphate (5 c.c.)+ 
sulphuric acid (1: 3, 30 


c.c.) + Indicator (0-2 c.c.) 4-2 End-point not sharp. 
Do. + NaF (1g.) 6-0 Do. 
Do. + » (2g) 6-1 
Do. + » (38) 6-2 | End-point sharp. Dupli- 
Do. (48) 6-2 J cates agree closely. 
II. Fe. Am. sulphate (5 c.c.) + ? A dirty, pale-brown colour 


NaF (3 g.) + Indicator (0-2 


develops during titra- 
c.c.) + sulphuric acid (30 


tion; no end-point 


c.c., 
Do. + sulphuric acid 5-9 Colour change not pro- 
(30 c.c., 1: 8) nounced. 
Do. sulphuric acid 6-1 
(30 c.c., 1: 4) 
Do. + sulphuric acid 6-2 
(30 c.c., 1: 8) Sharp end-point. Dupli- 
Do. + sulphuric acid 6-2 Se 
(30 c.c., 1: 2) 
III. Fe. Am. sulphate (5 c.c.) + 6-9 


NaF (3 g.)+ sulphuric acid 
(1: 3, 30 c.c.) +Indicator 
(0-5 c.c.) 


The oxidation product of 
the indicator interferes 
with the sharpness of the 


end-point. 
Do. + Indicator (0-2 c.c.) 6-7 
Do. + » (0+2c.c.) 6-2 End-point quite sharp. 
mo + « (0-1 c.c.) 6-2 Duplicates agree. 


5 c.c. of Fe. Am. sulphate=6-2 c. c of KeCre07 (0-02N) 


lactic acid, acetaldehyde (in traces), acetic acid, propionic acid and butyric 
acid, the organic acids being present in quantities corresponding to those 
formed during decomposition of cane molasses in the swamp soil (Bhaskaran 
et al., loc. cit.). In another set of experiments known quantities of ferrous 
iron were added to the soil, which was subsequently extracted with excess of 
1:3 acid and the extract titrated both before and after reduction. In 
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addition to the above, acid extracts of dry soils were also obtained and 


titrated against permanganate and dichromate respectively. The results 
have been given in Table III. 


TABLE III. 
Correction for Organic Matter. 
Titre values as c.c. of 0-02 K MnO, or K,Cr.0; 
Cc iti f titrati 
Obtained Obtained by | Obtained by 
\ by titration dichromate | dichromate 
Expected titration withjtitration with 
Ke O external internal 
indicator indicator 
Fe. Am, sulphate (5 c.c.) + Fes(SO4)3 6-2 6-2 6-2 6-2 
Do. after reduction os 6-8 6-8 6-8 6-8 
Do. + mixed products of fermentation 6-2 6-9 6-8 6-4 
(5 c.c.) 

Do. + Do. after reduction ss 6-8 7-3 6-6 6-7 

Supernatant from swamp soil (5 c.c.) (contains 
ferrous iron) os 2-4 4°5 2-6 2-4 
Do. + Fe. Am. sulphate (5c.c.) 8-6 11-2 9-0 8-7 
Do. + Do. after reduction wi 9-2 11-6 ee 9-0 
Acid extract of alkali soil (10 c.c.) ve oo Nil . 0-4 Nil Nil 
black cotton (10 c.c.) .. Nil 0-2 Nil Nil 
pe lateritesoil ( ,, ) 0-9 1-5 1-2 0-9 
peaty soll ( 4-3 5-4 4°5 4-3 


It would be seen from the above that although the oxidising agent reacted 
preferentially with ferrous iron, there was always some correction to be applied 
for the organic matter present in the medium. Direct titration against 
permanganate led to erroneous results because there was no sharp end-point. 
The organic matter reacted steadily, though somewhat slowly, with the 
permanganate so that the colour continued to disappear even after all the 
ferrous iron was used up. ‘Titration with external indicator was an improve- 
ment, but the results were still inaccurate: the procedure was also slow 
and somewhat tedious. Titration with internal (diphenylamine) indicator 
yielded the best results though correction for organic matter could not be 
entirely avoided. 
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The results obtained with the mixed products of fermentation, as also 
with the extracts from swamp soil, both before and after reduction, would 
suggest that they contained certain products which were either flocculated or 
otherwise rendered ineffective on treatment with zinc and sulphuric acid. 
The extracts from all the soils contained mostly ferric iron, but those from the 
laterite and the peaty soils also contained some ferrous iron. The quantities 
present in the peaty soil were rather large and may be accounted for by the 
presence of ferrous-aluminium alum referred to in an earlier communication 
(Pillai and Subrahmanyan, loc. cit.). 


Influence of the nature of the soil on the dissolution of iron.—Representative 
specimens of the four soils mentioned above were air-dried and ground 
to pass the 80-mesh sieve. They were then weighed out in 100 g. lots into 
a number of conical flasks (cap., 250 c.c.). Glucose was added as concentrated 
solution in quantities corresponding to 1-8 g. per flask. Itwas expected that 
the sugar thus applied would correspond to about 30 tons per acre at which 
rate molasses is being applied in Hawaii and elsewhere. Water was then 
added to the contents of the flasks so as to make the total volume 200 c.c. 
in each case. The flasks were then plugged with cotton wool and incubated 
at 30°. At weekly intervals, representative specimens were taken out 
and examined as follows: (1) An aliquot of the supernatant was pipetted 
out and its P,, determined colorimetrically. (2) Another sample of the super- 
natant was filtered out and its iron content determined. Ferrous iron was 
estimated in the manner described already. Total iron was estimated by 
the same method after reduction with zinc and sulphuric acid. Ferric iron 
present in solution at each stage was calculated from the difference between 
the two foregoing estimates. (3) The supernatant was decanted out as 
far as possible and the sediment (including a small portion of the supernatant) 
was then extracted with 1: 3 sulphuric acid. Aliquots of the extract were 
titrated and their ferrous iron contents determined. From the figures thus 
obtained the ferrous iron of the residual supernatant was subtracted. The 
difference represented the total insoluble ferrous iron of the soil at each stage. 
Samples were thus examined at seven-day intervals over a period of five weeks. 
The results have been presented in igs. 1 and 2. 


Except in the case of the peaty soil, the total soluble iron contents 
of the different soils were very nearly the same as the ferrous iron in solution. 
This would show that iron brought into solution was almost exclusively in 
the ferrous condition and continued to remain so as long as it was present 
in the supernatant. In the peaty soil, which was exceptional in several 
respects, small quantities of ferric iron were present in solution throughout 
the period of observation, so that the total iron was invariably higher than 
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The total soluble iron contents, together with the 
quantities of insoluble ferric iron left at each stage, have been presented 
in Table IV. 


TABLE IV. 
Total soluble and insoluble ferric iron at different stages. 
Iron in mg. at the end of 
Soil used Ist week 2nd week 3rd week 4th week 5th week 
Total | Insol. Total| Insol. | Total} Insol. | Total | Insol. | Total} Insol. 
sol. | ferric sol. ferric sol. ferric sol, ferric sol. ferric 
Alkali soil ..| 10-9 | 3510-2 | 10-2 | 3482-8 | 5-4) 3479-2 | 1-5 | 3452-1 1-5 | 3321-0 
Peaty soil 84°5 ee 100-8 oe 133-7 147-7 oe 211-3 
Laterite soil ..| 64-2 | 3630-3 [141-4 | 3496-7 |132-2 | 3531-3 | 93-9 | 3594-9 ns oy 
Black cotton 
soil | 6591-1 | 2-4 | 6561-0 | 3-2 | 6522-2 | 3-2 | 6506-6 
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In all the soils the fermentation set in vigorously after the first seven days. 
The maximum frothing was noticed in the case of the black cotton and the 
alkali soils. As these soils originally contained carbonates (black cotton soil, 
0-41 per cent. ; alkali soil, 0-66 per cent.), it may be assumed that the addi- 
tional gas production was due to the reaction of the carbonates with the 
organic acids formed during the fermentation. Iron was dissolved to varying 
extents from the different soils. The largest quantities were dissolved from 
the peaty and the laterite soils, while only traces passed into solution from 
the other two. This may first appear inexplicable especially when considering 
the total iron contents ; but a comparison with the figures for H-ion concentra- 
tion would show that the conditions were favourable to dissolution from two 
of the soils but rather unfavourable in the other two. It may thus be observed 
that the peaty soil remained highly acid (P, 2-8) throughout the period of 
observation. The laterite soil became acid (P, 6-6—5-4) with the progress 


of the fermentation. On the other hand the black cotton soil remained more 


or less neutral and the Kalar soil faintly alkaline throughout the period of 
study. 


There was steady increase in the quantity of ferrous iron dissolved from 
the peaty soil. This was largely due to the presence of mineral acid which 
protected the ferrous iron from precipitation. On the other hand there was 
marked decrease in the case of the laterite soil. This was probably due to the 
steady reaction in the case of the former soil whereas, in the latter, there 
was a tendency to return to the neutral condition. 


It is difficult to state whether the occurrence of ferric iron in the super- 
natant above the peaty soil was abnormal. It may be pointed out however 
that such a high acidity, as also the presence of free mineral acid, are not 
encountered in the commoner types of soils. 


Quite considerable amounts of ferrous iron were present in the insoluble 
condition in all the thrée soils for which data are available. In the case of 
the laterite soil, over 200 mg. were present in that form even at the end of one 
week. There was not very much increase after that period and indeed there 
was a small decline at the end of four weeks. ‘The other two soils—especially 
the alkali one—-showed steady increase throughout the period of observation. 
This was rather significant when considering that the above three soils 
contained only small quantities of ferrous iron to begin with. The production 
of increased amounts of the insoluble form should therefore be attributed to 
the fermentation consequent on the addition of sugar. ‘There is not sufficient 
material to show whether the corresponding quantities of iron were brought 
into solution prior to precipitation or whether the reduction proceeded exclu- 
sively in the insoluble condition. The general chemical considerations would 
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suggest however that the iron was first brought into solution, but was preci- 
pitated immediately afterwards—especially in the black cotton and the 
alkali soils—so that only a small part could be found in the supernatant. 

The forms in which ferrous iron is brought into solution and subsequently 
precipitated will be considered in a later section of the paper. 


The quantities of iron affected by the fermentation were fairly large 
when compared with the total amounts present in the different soils. In 
the case of the laterite soil about one-tenth of the total iron was either 
brought into solution or reduced to insoluble, ferrous condition. Much 
smaller quantities were involved in the black cotton and the alkali soils. 

Effect of concentration of sugar on the dissolution and precipitation of 1ron.— 
These experiments were carried out with only the laterite soil from Bangalore 
because it responded best to the treatment and did not contain either mineral 
acid or carbonate that would affect the normal course of fermentation and the 
attendant changes. The samples (100 g.) were weighed out and treated with 
sugar solution in quantities corresponding to 0-3, 0-6, 1-2 and 1-8 g. respec- 
tively, which, in turn, would approximate to 5, 10, 20 and 30 tons per acre. 
The volumes were made up to 200 c.c. in all the cases and the flasks incu- 
bated at 30°. At weekly intervals, samples were taken out and examined 
in the manner outlined already. 


As may be naturally expected, the fermentation was more vigorous at 
the higher concentrations of the sugar than at the lower ones. ‘The corres- 
ponding changes in H-ion concentration have been presented in Table V. 

TABLE V. 
Changes in H-ion concentration with different concentrations of sugar. 


H-ion concentration (as Pu ) at the end of 


Sugar applied at 
Ist week | 2nd week | 3rd week | 4th week | 5th week 


5 tons 6-0 6-0 6-4 6-4 6-8 
6-2 5-8 6-0 6-4 6-4 
2. ,, 6-3 5-4 5+7 5-8 
30 6-2 5-6 5-6 5-4 6-0 


Pu at the commencement, 6-6. 
It may be observed that with 5 and 10 tons the suspension became 
slightly acid at the end of two weeks but recovered rapidly after that period. 
At the higher concentrations not only did the medium become more acid 
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but it also continued to be so over a period of three weeks. There was a 
tendency to recover at the end of the fifth week. Since acidity is favourable 
to the dissolution of iron, it may be expected that larger quantities 
of that metal would be present in solution at the higher concentrations than 
at the lower ones. This is supported by the results which have been presented 
in Table VI. 


TABLE VI. 
Influence of concentration of sugar on the transformations of iron. 
Iron in mg. at the end of 
Sugar applied at Ist week 2nd week 3rd week 4th week 5th week 
A B A B A B A B A B 
5 tons 1-5 | 10-0 1-5 15-9 | 7-0 | 137-9) 4-1] 187-1 | 2-3 | 292-4 
» 25-8 | 82-1 | 27-3 | 149-8 | 23-3 | 210-1 | 29-7] 377-5 | 28-2 | 319-3 
69-6 | 261-1 | 96-2 | 287-7 ee ee 73-4 | 318-4 | 71-9 | 311-2 
30 64-2 | 269-7 [141-4 | 403-3 [132-2 | 368-7 | 93-9] 305-1 


There is no direct proportion however between the quantities of iron 
brought into solution and the corresponding concentrations of sugar. A 
similar observation will also apply to the total quantities of iron affected by 
the fermentation. These figures which represent the sum of total iron in 
solution and ferrous iron in the insoluble condition are also highly suggestive. 
They show that in the earlier stages of the fermentation only a small proportion 
of the total iron was affected when the concentration of sugar was small. 
With increasing concentration, very much larger quantities were either dis- 
solved or reduced to insoluble ferrous condition. At 30 tons, the maximum 
quantity of iron was thus transformed in the course of two weeks. At lower 
concentrations the reaction changed more slowly, but nevertheless steadily, so 
that the quantities of iron affected by the fermentation increased continuously 
throughout the period of observation. The quantities of dissolved iron in 
such samples were always low, but there was steady increase in insoluble 
ferrous iron as may be seen from Fig. 3. 


The available material is not sufficient to explain the nature of the 
agencies concerned in the production and distribution of ferrous iron at 
different concentrations. It is of much interest however to note that even 
in presence of very small quantities of fermentable organic matter, the reduc- 
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FiG. 3. Distribution of ferrous iron at different concentrations of sugar 


e—e Ferrous iron in solution when sugar is applied at 5 tons 


o—oO ” ” ” 10 tons 
” ” ” 20 tons 
ae ” ” ” ” 30 tons 
@--® Insoluble ferrous iron when sugar is applied at 5 tons 
” ” ” 10 tons 
o&-A ” ” ” ” 20 tons 
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fe 
tion of iron continued over a fairly long period. Since the entire quantity of 
sugar was used up in the course of the first few days, it may be assumed that 
the production of insoluble ferrous iron was the result of interaction between 
some of the products of fermentation and the insoluble ferric iron of the soil. 
The related changes would appear to continue over a period of several weeks. 
It is difficult to explain, however, as to why similar changes did not proceed at 
the higher concentrations, say, when the sugar was applied at 30 tons: as to 
how a maximum of soluble as well as insoluble ferrous iron was attained in 
two weeks, after which there was only steady decrease in both of these 
forms. Further research is needed to elucidate the significance of these 


observations. 
The percentages of total iron affected by the fermentation were not 


proportional to the quantities of sugar applied. It would, indeed, appear from 
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Table VII that, after the first four weeks, the percentages were about the 
same in all the cases. 


TABLE VII. 


Percentages of total iron affected by the fermentation at different 
concentrations of sugar. 


Percentages affected at the end of 


Sugar applied at 


Ist week | 2nd week | 3rd week | 4th week | 5th week 


5 tons 0-3 0-4 3-5 
2-1 3°8 5-4 8-2 
30 ,, 6-9 10-3 9-5 7-8 


The practical significance of the foregoing observation requires further 
elucidation. Although it is known that soluble ferrous iron is toxic to plant 
growth, the influence of insoluble ferrous iron is still obscure. It would no 
doubt be less toxic than the soluble form, but as to whether it is entirely 
harmless, especially when present in fairly large quantities, is yet to be 
determined. 


Influence of the proportion of soil to water on the dissolution of iron.—Under 
similar soil conditions, the proportion of soil to water determines, to a large 
extent, the extent of submergence, available air-supply and other related 
changes. Since in normal field practice, the extent of submergence is variable 
and is often determined by conditions over which the farmer has no control, 
it was considered desirable to ascertain the possible influence of such condi- 
tions on the dissolution of iron. Some experiments were carried out, therefore, 
using the laterite soil (in 100 g. lots) for the study. The same quantity of 
glucose (1-8 g.) was applied in all the cases and water added so as to make up 
the total volumes to 100, 200 and 400 c.c. respectively. ‘The flasks were then 
incubated as usual and samples examined at weekly intervals. 


It was observed that the changes in H-ion concentration were of the 
same order in all the cases. The figures were the same as those recorded 
for 30 tons in Table V and have not therefore been repeated. There were 
slight variations in the quantities of ferrous iron in solution (Table VIII), but 
they appear to bear no relation to the degree of submergence. The results 
would indeed suggest there is some inconsistency even with regard to the 
samples treated in the same manner. It would thus appear that the degree 
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TABLE VIII. 


Influence of the degree of submergence on the quantities of ferrous 
tron in solution. 


Ferrous iron (in mg.) in solution at the end of 
Proportion of soil to 
water by weight 


Ist week | 2nd week | 3rd week | 4th week | 5th week 


138-4 122-0 110-3 111-2 
64-2 143-1 135-3 97-0 
1:4 95 +4 114-1 147-0 131 +4 109-4 


of submergence is only secondary to certain other factors which determine 
the quantities of ferrous iron in solution. 

The quantities of total iron in solution were more or less identical with 
those of ferrous iron cited above. It may be inferred, therefore that, at any 
rate in the case of the soil under study, the degree of submergence had no 
influence on the form in which iron was brought into solution. 


Effect of temperature on the dissolution and precipitation of iron.—The 
range of temperature in the tropics, at any rate in the equatorial regions, 
is comparatively small. Since the present study would largely relate to 
such conditions, the following experiments were carried out at temperatures 
which may be attained during different seasons of the year. The soil (laterite 
type) was weighed out in 100g. lots and treated with glucose (1-8 g.) and 
water (200 c.c.) in the usual way. They were then divided into three batches 
and incubated at 30°, 37° and 45° respectively. Samples were taken out 
at weekly intervals and examined in the usual way. 

The changes in H-ion concentration which have been presented in Fig. 4 
show that, with the rise in temperature, the soil became quickly acid thereby 
indicating that the fermentation changes proceeded more rapidly. The 
recovery was also fairly rapid. Thus at 45°, the reaction changed from 
P,, 5-6 to 6-0 in the course of two weeks, whereas a similar change occupied 
four weeks at 30°. These observations would suggest that the corresponding 
changes in iron would also proceed rapidly at the higher temperatures. Such 
was indeed the case as may be seen from Fig. 5. At 45°, there was rapid 
dissolution of iron in the course of the first two weeks after which the quanti- 
ties were more or less stationary for about one week and then dropped suddenly 
to less than a third of the original value. The corresponding formation of 
insoluble ferrous iron also proceeded very fast at the higher temperature and 
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then dropped suddenly at the end of four weeks. The parallel changes at 
37° proceeded comparatively more slowly. 

The results obtained at 30° were the same as those shown in Fig. 2. The 
quantities of ferrous iron present in solution at different stages were very 
nearly the same as those of total soluble iron. Those figures have not therefore 
been recorded. 


Fermentation in shallow, open dishes.-—The foregoing experiments were 
carried out in narrow-necked conical flasks, which did not permit of free access 
to air. The air supply was further restricted by the presence of cotton wool 
which was intended to keep out dust and other foreign bodies. Since, under 
field conditions, the surface involved is very large and the soil is directly 
exposed to the atmospheric conditions, it may be reasonably expected that 
the air supply will be more favourable. With a view to determining the 
influence of such conditions on the distribution of iron, some experiments 
were carried out in open, shallow glass dishes. The soil, the treatment and 
the conditions of incubation were the same as in the previous experiments. 
The results have been given in Table IX. 
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TABLE IX. 
Fermentation in open, shallow dishes. 
Iron in mg. 
Observations at Pu 
the end of Total Soluble | Insoluble 
soluble ferrous ferrous 
Ist week 6-3 82-1 82-1 264-7 
2nd ,, 5-8 45-4 45+4 245-0 
3rd_,, 6-0 29-0 29-0 208-4 
4th ,, 6-0 2-4 2-4 14-1 


Although the soil turned faintly acid, the P, did not become so low 
as in some of the previous experiments. Furthermore, the change was 
only momentary and there was a tendency to return to normal conditions 
at the end of about three weeks. ‘This is reflected in the dissolved iron 
contents which attained a fairly high value at the end of the first week but 
decreased rapidly in the later stages. Insoluble ferrous iron also followed a 
similar course. ‘The largest quantities were present at the end of the first 
week. This was followed by slow decrease during the two subsequent weeks 
and then a sudden fall at the end of the fourth week. 


The precise nature of the changes which attend the precipitation of 
the dissolved iron or the disappearance of insoluble ferrous iron is still obscure. 
Judging from purely chemical considerations, however, it may be inferred 
that those forms of iron passed into the insoluble, ferric condition. The 
nature of the products thus obtained will be considered in a later section of 
the paper. 

Effect of sulphur or lime on the solution and precipitation of iron.—Atten- 
tion has already been drawn to the fact that in two of the soils, which contained 
useful quantities of carbonates, the quantities of iron passing into solution 
were comparatively small, whereas in another, which remained steadily acid, 
very large quantities were dissolved. These observations suggested that the 
reaction of the soil is an important factor determining the solution of iron ; 
that the mineral constituents of the soil have probably no influence on the 
related changes. With a view to determining whether by artificially render- 
ing conditions favourable to increased acidity or alkalinity the extent of 
dissolution of iron can be altered, the following experiments were carried out. 
Suspensions of the Bangalore (laterite) soil containing glucose were prepared 
in the usual way and divided into two batches. To one set of flasks, burnt 
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lime was added at 0-3g. each (corresponding to 3 tons per acre), while, 
to the other flowers of sulphur were added at 0-1 g. per flask (corresponding 
to 1 ton per acre). It was hoped that the lime would help to maintain a 
neutral or faintly alkaline reaction while sulphur would turnthe medium 
increasingly acid and thus introduced a condition similar to that obtained in 
the peaty soil. The flasks were incubated at 30° and representative samples 
examined at weekly intervals. The results have been presented in Table X. 
TABLE X. 


Effect of sulphur or lime on the transformations of iron. 


Treated with sulphur Treated with lime 
Observations at Iron in mg. Tron in mg. 
the end of 
Pu Pu 

Total in Soluble Insoluble Total in Soluble | Insoluble 

solution ferrous ferrous solution ferrous ferrous 
lst week 5-8 108-6 108-6 245-0 6-8 13-3 13-3 107-0 
2nd ,, 6-0 135-3 135-3 267-5 6-4 84-5 84-5 261-9 
3rd _,, 6-0 138-9 138-9 342-7 6-6 90-7 90-7 
4th ,. 6-0 104-8 104-8 371-7 6-6 39-8 39-8 309-8 
65th ,, 6-0 24-2 24-2 357-6 6-6 354-8 


A comparison with the figures for the untreated soil (Fig. 2 and Table IV) 
would show that the addition of sulphur did not produce the desired effect. 
The medium was in fact less acid than the control. On the other hand, 
lime was helpful in checking the acidity. The medium was nearly neutral 
throughout the period of observation. The corresponding distributions of 
iron would show that whereas sulphur was not effective in enhancing the 
dissolution of iron, lime was fairly useful in depressing it, at any rate in the 
early stages. The production of ferrous iron was also retarded by the presence 
of lime. The effect was however only temporary, so that, at the end of two 
weeks, the quantities present in the two sets were nearly the same. 

Although the samples treated with lime maintained nearly the same P,, 
as those of the black cotton soil, they were still not so effective in preventing 
the solution of iron. It would appear, therefore, that in addition to reaction 
there are certain other factors which determine the quantities of iron passing 
into solution. 

Effect of flooding on the distribution of iron.—In field practice, the land 
is first puddled for a few weeks after which fresh quantities of water are let 
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in and: allowed to flow over the surface. The transformations studied in the 
earlier part of the enquiry would correspond to the period of puddling. 
It was considered desirable therefore to extend the observations to the later 
stage and to study the attendant changes, especially of ferrous iron. After 
standing for seven weeks, the samples were treated with fresh quantities of 
distilled water in such a manner that while the supernatant was diluted, 
the soil sediment was left unaffected. The top layer was then decanted 
out and fresh water added upto the neck of the flask. After a few minutes, 
the supernatant was again decanted out followed by refilling. This operation 
was repeated several times for each sample. The flasks were then incubated 
and representative specimens examined at weekly intervals. ‘The results have 
been given in Table XI. 

TABLE XI. 

Effect of flooding on the soluble as well as insoluble ferrous iron in the 
soil system. 


Iron in mg. at the end of 


Soil and treatment before flooding 8 weeks 9 weeks 10 weeks 


Sol. Insol. Sol. Insol, Sol. Insol. 
ferrous | ferrous | ferrous | ferrous | ferrous} ferrous 


Laterite soil (100 g.) + sugar (1-8 g.) ++] 34°7 385-3 | 1-4 398-1] Nil 388-8 
Do. + Do. + lime (0-3 g.) oe 2-4 508-3 Nil 497-2 Nil 502-7 
Do. + Do. + sulphur (0-lg.) ..| Nil 391-2 | Nil 394.0 | Nil 385-6 


Black cotton soil (100 g.) + sugar (1-8 g.)..| Nil 113-9 | Nil 111-1 | Nil 
Alkali soil (100 g.) + sugar (1-8 g.) --| Nil 283-4 | Nil 272-2 | Nil 


It may be seen from the above that flooding removed almost the entire 
quantity of ferrous iron in a very short time. In the case of the laterite 
soil treated with sugar alone, it took about a week to eliminate the major 
part of the ferrous iron whereas, in others, it followed immediately after the 
flooding. Since ferrous iron forms the bulk of that element in the supernatant, 
the above observations will also apply to the total iron in solution. 


The quantities of insoluble ferrous iron present in the different samples 
remained more or less the same throughout the period of flooding. ‘This 
would show that the insoluble ferrous compounds formed in the soil system 
were fairly stable and were not affected by the dissolved oxygen of the irriga- 
tion water. 
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Forms in which iron is brought into solution—A study of the anions 
with which ferrous iron is associated is of much scientific interest as it would 
help to throw light on the mechanism of dissolution. It is also of some prac- 
tical importance as it would determine the stability of the related compounds 
and their physiological effects on crops. Robinson (1930) suggested that 
the ferrous iron in submerged soils is associated with carbon dioxide and 
is largely present as ferrous bicarbonate. He did not, however, consider 
the possibility of the iron being associated with the organic acids produced 
during fermentation being probably unacquainted with the slightly previous 
work of Subrahmanyan (1929). The chemical nature of those acids would 
indeed suggest that they would combine with the ferrous iron even after 
displacing any carbon dioxide that may remain in combination. The result- 
ing compounds may also be expected to be comparatively stable. It is also 
probable that a part of the ferrous iron may exist as the sulphate or chloride 
as the result of some double decomposition changes in the soil. The available 
information being inadequate, the following experiments were carried out. 
In the case of the supernatant from the Bangalore soil, there was neither 
chloride nor sulphate in solution. On heating samples taken at different 
stages of fermentation, there was rapid change in colour to the characteristic 
yellowish brown of the ferric condition. After cooling, there was the slow 
separation of a reddish brown precipitate which was mostly ferric oxide. 
Continued bubbling of air through the liquid also yielded similar results. 
The formation of ferric oxide as one of the products of oxidation is further 
supported by the fact that the scum formed at the sides, especially in the 
later stages of fermentation, consisted exclusively of that oxide. 


Even prolonged bubbling of carbon dioxide, nitrogen or hydrogen 
through the liquid did not produce any appreciable change in its composition. 
When the gases were admixed with traces of oxygen, however, there was 
steady change in colour accompanied by diminution in ferrous iron in solution. 
There was also the slow separation of ferric oxide. 


When evacuated either by itself or over alkaline pyrogallol, there was 
apparently no change in the composition of the supernatant. Quantitative 
analyses of samples taken at short intervals showed that the ferrous iron 
contents remained the same for a fortnight. 


On heating a dilute, aqueous solution of lactic acid with ferric oxide, it 
was found that small quantities of ferric as well as ferrous iron passed into 
solution. Similar effects were also observed on prolonged standing. Experi- 
ments with the volatile fatty acids (acetic, propionic and butyric) also showed 
that small quantities of ferric, though not ferrous, iron could thus be brought 
into solution. On the other hand even prolonged bubbling of carbon 
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dioxide through a suspension of ferric oxide in water could not bring more 
than traces of iron into solution. 


The foregoing evidence, though not conclusive, is yet fairly suggestive of 
the manner in which ferrous iron is present in solution. If it is present as a 
bicarbonate or otherwise held in solution by the dissolved carbon dioxide 
of the medium, there should occur the steady separation of the inscluble 
ferrous carbonate either on evacuation or on bubbling an inert gas such as 
nitrogen through the medium. On the other hand, the iron in solution 
remained comparatively stable and was unaffected by any treatment except 
heating or bubbling of air. These observations would suggest that the ferrous 
iron was either in combination with, or otherwise held in solution by, the 
organic acids produced during the fermentation. 


Forms in which iron is precipitated —Attention has already been drawn 
to the formation of the scum on top and ring at the sides which consists almost 
exclusively of ferric oxide. These would form only a small percentage of 


the total precipitated iron which, as has already been observed, was mostly 
in the ferrous condition. 


Precipitation of ferrous iron under nearly similar or allied conditions 
has been studied by some previous workers (Van Hise and Leith, 1911 ; Tache, 
1923 ; Starkey and Halvorson, loc. cit.; Robinson, loc. cit. ; Halvorson, loc. 
cit.). Evidence was adduced to show that the sulphide and the carbonate 
are two of the forms in which ferrous iron is present under such conditions. 
In the present study it was found that the white precipitate formed at the 
surface of the soil was a carbonate and contained ferrous iron. Ferrous 
sulphide was also present as a fluffy, dark-brown mass covering portions of 
the white precipitate. Indeed the entire mass of soil sediment yielded 
positive tests for sulphide after the fermentation had progressed for some 
time. The presence of sulphide was most pronounced in the case of samples 
receiving small quantities of sulphur. This observation would partly account 
for the unexpectedly poor dissolution of iron in presence of sulphur. The 
added sulphur was reduced to hydrogen sulphide which, instead of dissolving 
mote iron, actually precipitated a part of what was already present in solution. 
The white precipitate did not yield positive tests for the presence of phosphate 
but this was probably due to the deficiency of phosphorus in the soil itself. 


It is not clear as to what extent the ferrous iron first brought into solution 
is chemically precipitated and how far it is adsorbed by the mineral and the 
organic colloids of the soil. In view of the wide variation observed in regard 
to the retention of iron by different soils examined in the present study and 
the difference which they exhibit in their adsorptive capacities in other 
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directions (Sreenivasan, 1935), it is probable that similar phenomena may 
partly be responsible for the removal of iron from solution. 


Discussion. 


The present study has brought to light certain important aspects of the 
transformations of iron in the swamp soil. It has also indicated certain 
promising lines of future research. 


Although the findings under discussion relate to the changes attendant 
on the decomposition of a readily fermentable form of organic matter, they 
are nevertheless of considerable practical interest. The commoner organic 
manures and, particularly green manures which are so effective in swamp soils, 
either contain small quantities of fermentable sugars or produce some, through 
hydrolysis, in the early stages of puddling. The fermentation which attends 
the application of such manures would therefore largely relate to transforma- 
tions of the type described in the present study. 


Attention has already been drawn (Bhaskaran ef al., loc. cit.) to the 
biochemical significance of resting soil for at least a few weeks after the applica- 
tion of a manure. The presence of toxic concentrations of certain minerals— 
particularly ferrous iron—in the supernatant and the need for rapidly remov- 
ing them were indicated. It was not then realized, however, that all soils 
may not require the rest at any rate, to the same extent. Even under the 
rather exaggerated conditions of the present study and the large quantities 
of sugar that were added, only minute quantities of ferrous iron were brought 
into solution from the black cotton soil. It may be confidently expected 
therefore that the quantities dissolving, under normal field conditions, from 
such soils, will be negligible and will not have any adverse effect on plant- 
growth. On the other hand, fairly large quantities may be dissolved from 
other soils such as that of the laterite type examined in the present study. 
Even under favourable conditions, small quantities of ferrous iron may be 
expected to persist in the soil for at least a few weeks, so that the soil would 
require some rest before planting. These observations show that the different 
soils vary in their need for rest, so that it would be useful to devise some 
simple method of determining when the toxic concentrations are reduced so 
that the planting operations may be begun. Premature planting may be 
inimical to the crop or, at any rate depress the yield, while late planting may 
lead to unnecessary wastage of fertilizing ingredients, particularly organic 
matter. Test papers dipped in ferricyanide or other suitable reagent would 
provide a useful indication which may be applied in field practice. Experi- 
ments designed to bring out the efficacy of such tests are in progress and will 
be described in a later communication. 
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The possible significance of the formation of insoluble ferrous iron has 
already been discussed. Such forms, though not so toxic as those in solution, 
may yet have some effect on plant growth. Although they are fairly stable in 
presence of water, it would yet appear that they get oxidised at some later 
stage. The average dry soil contains practically no ferrous iron. It would 
be of interest to follow the mechanism of the related changes. 

The influence of the dissolution of iron on the availabilities of other 
minerals—particularly phosphoric acid—is of much practical importance. 
It has already been shown (Bhaskaran e¢ al., loc. cit.) that when increasing 
quantities of iron and aluminium are dissolved, there is actually a lowering 
in the quantities of phosphorus in solution. Since any ferrous salt would 
precipitate phosphates from solution, it would appear that the conditions 
favouring increased dissolution of iron would reduce the availability of phos- 
phorus. As has already been shown, fermentation changes of the type 
described in the present paper could attend—though to varying extents— 
the decomposition of other forms of organic matter. It may be expected 
therefore that, under such conditions, there may actually be a lowering in the 
availability of phosphorus. This conclusion is apparently the reverse of 
that drawn by Sivan (1925) in regard to the availability of rock phosphate 
in presence of green manures. It may be noted, on the other hand, that the 
quantities of phosphate used in that study were quite large so that the reverse 
of that reported in the present study may be expected under such conditions. 
The small quantities of ferrous iron passing into solution would be rapidly 
precipitated by the larger quantities of phosphate brought into solution by 
the decomposition of the green manure. It may be further observed that the 
mineral phosphate used by Sivan contained a useful percentage of calcium 
carbonate which, as has been already observed, would discourage the dissolu- 
tion of iron. It would appear therefore that the availability of phosphorus 
under such conditions would depend on the extent to which the dissolution of 
iron is favoured. Since, in any case, there would be mutual precipitation 
of the two elements, it would appear to be desirable to either adjust the condi- 
tions so as to discourage the dissolution of iron or to apply the phosphate, 
especially when it is present in some readily availableform such as superphos- 
phate, sometime after the initial fermentation has subsided. The relative 
merits of the two methods, as applied to different organic manures and 
various types of soils, would require careful study. 

There are two other important aspects of the transformations of iron 
which emerge out of the present enquiry. One is the significance of the 
precipitation of iron in the soil and the attendant chemical and biological 
changes. An extension of that aspect will be the study of the effect of applying 
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different forms of ferrous and ferric iron with and without organic manures 
and their bearing on crop yield. The other line of interest will be the influence 
of different manurial treatments, both individually and in combination, on 
the dissolution and precipitation of iron. A systematic study of the first 
aspect would show whether the precipitated iron plays any useful réle in the 
subsequent transformations of minerals and organic matter. In view of the 
previous findings of Harihara Iyer e¢ al. (loc. cit.), it may be reasonably expected 
that the oxidation of organic matter may be hastened in presence of the 
precipitated iron. If this leads to some useful increase in yield, the precipitated 
iron would actually become a fertiliser. The results may even justify the 
application of ferrous or ferric salts in field practice. 

The other aspect would, in one sense, be an extension of the present 
enquiry. In addition to the different organic manures, some trials may also 
be carried out with mixtures of known C-N ratios so as to determine the 
influence of the inter-relation between those two elements on the transforma- 
tions of iron. The study of the effects of applying different mineral fertilisers, 
both by themselves and in combination with organic manures, would also 
lead to findings of much practical interest. 

Some of the foregoing and allied problems are under investigation and 
will form the subjects of later communications. 

Summary. 

1. On addition of fermentable organic matter to swamp soils of four 
different types, it was found that fairly large quantities of ferrous iron were 
brought into solution from two of them (peaty and laterite soils) whereas only 
minute quantities were present in the supernatants from the other two (black 
cotton and alkali types). In the case of the peaty soil, small quantities of 
ferric iron were also present in solution, whereas, in the others, the dissolved 
iron was almost exclusively in the ferrous condition. In all the soils, there 
was steady increase in the quantities of insoluble ferrous iron present in the 
soil sediment. The corresponding changes in H-ion concentration showed 
that the peaty soil remained strongly acid(P. 2-8) ; the laterite soil changed 
from P,, 6-6 to 5-4 and then tended to revert to neutral condition ; but the 
other two remained either neutral or faintly alkaline throughout the period 
of observation. 

2. Increasing concentration of organic matter led to larger quantities 
of ferrous iron being brought into solution. The quantities of insoluble 
ferrous iron found at the end of five weeks were, however, more or less the 
same in all cases. 

3. The extent of submergence did not have any appreciable influence 
either on the total quantities or the mode of distribution of iron in solution. 
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4. Rise in temperatures upto 45° hastened the dissolution and subse- 
quent precipitation of iron. The total quantities were not, however, appreci- 
ably affected. 


5. Fermentation in shallow, open vessels led to rapid precipitation of 
the iron from solution. Insoluble ferrous iron was also mostly oxidised to 
the ferric condition after the third week. 

6. Addition of lime checked the dissolution of iron, at any rate in the 
early stages. On the other hand, sulphur did not lead to any increase in 
dissolution. In presence of organic matter, it was reduced to hydrogen 
sulphide and was eventually precipitated as ferrous sulphide. 

7. Flooding the soil system accompanied by proper drainage of the super- 
natant removed all the ferrous iron in solution in the course of one week. 
The insoluble forms were left unaffected. : 


8. Evidence has been adduced to show that the ferrous iron in solution 
was largely present in association with the organic acids produced during the 
fermentation. The insoluble ferrous iron was present partly as the carbonate 
and partly as the sulphide. There are indications to show that a part of the 
ferrous iron first brought into solution was adsorbed by the soil colloids. 

9. The significance of the foregoing and other observations in relation to 
field practice has been discussed. Although the dissolved ferrous iron may 
be toxic to plant life and may reduce the availability of essential fertilising 
ingredients such as phosphates, the precipitated forms, especially after oxida- 
tion to the ferric condition, may prove beneficial. The need for standardising 
the conditions so as to reduce the quantities in solution has been shown. 
Some useful lines of future research have been indicated. 
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STUDIES IN THE FAMILY AMARANTHACEZ. 
I. The Life-History of Digera arvensis Forsk. 
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1. Introduction. 


OF all the families belonging to the order Centrospermales, Amaranthacez 
is the one, which has so far attracted the least attention from morphologists. 
In 1859 Braun* observed polyembryony in Celosia. In 1880 Fischer* found 
an axial row of only three megaspores in Gomphrena decumbens. In 1882 
Guignard* studied the development of the embryo sac and endosperm in 
Celosia argentea. Dahlgren (1916) reported that in Amaranthus blitum the 
megaspore mother cell forms a row of three cells of which the lowest forms 
the embryo sac. Woodcock (1931) described the development of the seed in 
Amaranthus caudatus. The work on Digera arvensis was started in this 
laboratory in 1932, but due to various reasons it could not be finished earlier. 
Since then, two papers have already appeared on this plant, one by Naithani 
(1933) and the other by Joshi and Rao (1934). In both these papers (specially 
the latter) there appear to be some points that have been misinterpreted and 
others that have been overlooked. It is to these that we wish to refer in 
this paper. 
2. Material and Methods. 

The material was fixed both in Formalin-acetic acid-alcohol and 
Nawaschin’s Fixing fluid. A number of prepared slides and some embedded 
material were kindly handed over to us by Mr. B. M. Johri and Dr. P. Mahesh- 
wari. In staining, the following combinations were used of which the first 
two gave more satisfactory results :— 

(1) Haidenhain’s iron-alum hematoxylin, (2) Newton’s Gentian violet 
and iodine, and (3) Safranin and Fast green. 

Material of the following additional genera, belonging to this family, 
has also been fixed and a comparative study of all of them is in progress— 
Alternanthera, Amaranthus, Deeringia and Aerua. 
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3. Microsporogenesis. 


A longitudinal section of a young anther shows a linear row of 5—6 arches- 
porial cells. In transverse section each lobe shows only one archesporial 
cell to begin with. The primary parietal cells, cut off towards the periphery, 
divide to form an outer endothecial layer and an inner one, which again divides 
resulting in the middle layer and the tapetum (Fig. 1). 


Fics. 1-4. >< 840. Fig. 1—T. S. of a young anther lobe showing wall layers and the 
sporogenous tissue. Fig. 2.—Tapetal cells in tangential section showing the 
multinucleate condition, lobed appearance of some of the nuclei and a mitosis 
in one cell. Fig. 3—The cytoplasm has receded from the inner wall of the 
tapetal cells. Fig. 4—The epidermis and endothecium; the latter is distinguishable 
by the characteristic fibrous thickenings. 


The tapetal cells form a complete jacket round the sporogenous mass 
which now, as mentioned by Joshi and Rao, consists of a plate of 4 or 5 cells 
in cross section. They are glandular in nature and often bigger than the 
microspore mother cells. About the time of reduction division the tapetal 
cells become multinucleate. The two-nucleate condition is the most common 
but cells with three, four (Figs. 2 and 3) or even five nuclei are met with quite 
often. Joshi and Rao’s statement that “more than two nuclei in a tapetal 
cell such as have been recorded in Typha by Schaffner and in Hepatica by 
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Coulter were never seen”’, seems to have been based upon insufficient observa- 
tions. Similar appears to have been the case with Naithani. The first 
division of the nucleus in any tapetal cell always appears to be mitotic, but 
we are unable to make any statement about the later divisions. Often there 
is seen a multinucleolate nucleus with a lobed appearance, which may either 
be due to the fusion of many nuclei or may be a stage preparatory to amitotic 
division. Usually the tapetum persists up to the time when the microspores 
are fully formed, and shrivels up when the pollen grains are in the process 
of maturation. When the tapetal cells have disappeared altogether, a thin 
layer consisting of yellowish granules (as seen in sections stained with iron- 
alum hematoxylin) comes to lie in their place (Fig. 4). This, probably, is the 
unused material of the tapetal cells. In one solitary instance the tapetal cells 
were seen to form a periplasmodium in which were embedded the degenerating 
tri-nucleate pollen grains. 


The single middle layer, which lies just outside the tapetum, becomes 
flattened and crushed and disappears almost completely during the formation 
of the tetrads (Fig. 3). The hypodermal layer develops into the usual en- 
dothecium with characteristic fibrous thickenings (Fig. 4). It is surprising 
to find it mentioned by Joshi and Rao that the cells “just below the epidermis 
of the anther do not develop into a fibrous endothecial layer’. The only 
explanation we can give of its supposed absence is that perhaps these authors 
did not examine sufficiently old stages. 


The total number of mother cells in an anther lobe! seems to range on 
an average between 25-30. This point has been confirmed by counting the 
number of young microspores in an anther lobe and dividing this by four. 
It is only in rare cases that this number reaches as high as 40, which is believed 
by Joshi and Rao to be the usual number. 


The microspore mother cells now prepare for reduction division. As 
stated by Joshi and Rao, it is noteworthy that the mother cell walls do not 
get rounded and separated from one another up to this stage. They still form 
a more or less compact tissue although the cytoplasm has already rounded 
up. It is only at the tetrad formation stage that they become free from one 
another. Joshi and Rao’s Plate II, Figs. 9-12 might, however, be taken 
to imply that this rounding of the mother cells never occurs, not even up to 
the time the tetrads are formed. 


1 Naithani uses the term pollen chamber for pollen sac. This term has always been 
used to designate the disintegrated nucellar tip of Gymnosperms and its use for the anther 
loculus is unfortunate. Farr (1920) also misuses it similarly. 
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Heterotypic Division.—During the prophase of the first reduction division 
the cytoplasm recedes back from the mother cell wall which begins to show 
signs of future gelatinisation. During the diakinesis stage we have been able 
to count the number of chromosomes which corresponds to 6 (m) and 12 (2m) 
as given by Joshiand Rao. Metaphase and anaphase have already been closely 
studied by these authors. In early telophase the two groups of chromosomes 
lie at opposite poles in the form of flat discs. Later on they expand, become 
spherical and develop a nuclear membrane. During the period of inter- 
kinesis? a small nucleolus makes its appearance in each daughter nucleus 
(Fig. 5). Joshi and Rao (1934, p. 218), on the other hand, completely deny 
the occurrence of nucleoli in interkinetic stage. 


Fics. 5-13. 1367. Fig. 5—Microspore mother cell; telophase of first reduction. Fig. 6.— 
Tetra-nucleate stage of the mother cell. Fig. 7—Furrowing has started and 
the mother cell wall has become gelatinised. Fig. 8—Quadripartition is completed 
and the gelatinous matrix has penetrated in between the microspores. Fig. 9—The 
appearance of four radiating walls separating the microspores. Figs. 10-11—Two- 
and three-celled pollen grains. Figs. 12-13—Pollen grains which appear to be 
in process of degeneration. Note the gradual thinning of the exine with the 
increase in the size of the pollen grains. 


Homotypic Division—Soon after the spindle fibres connecting the two 
daughter nuclei have disappeared, the nuclear membrane dissolves and the 
second reduction division begins. The two spindles may lie in various planes 


2 In their paper Joshi and Rao have used the term interphase to denote interkinesis. 
As a matter of fact, interphase stands for the interval between two mitotic divisions, while 
the period between two meiotic divisions is known as interkinesis. 
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inside the mother cell, but the form which results in the tetrahedral arrange- 
ment of microspores is the most common. As soon as the four groups of 
chromosomes have reached their respective poles they become interconnected 
by means of secondary spindles. The two homotypic spindles persist as such 
while four secondary ones arise de novo. Thus in al] there are six spindles 
which connect every one of the four nuclei of a tetrahedral tetrad with the 
other three (Fig. 6). 


Cytokinesis.—On page 219, Joshi and Rao write that ‘the formation of 
the pollen grains from the pollen-mother-cell in which the four grand-daughter 
nuclei are embedded, takes place by furrowing as described by Farr”. Un- 
fortunately this paper of Farr (1916) was not available to us, so we can- 
not say which plant is referred to here, but this much is certain that in the 
mode of cytokinesis Digera arvensis differs a good deal from the condition 
in Nicotiana and offers a better comparison with Cobea scandens (Farr, 1920). 

After the heterotypic division no trace of a cell plate is observed. Asa 
matter of fact the achromatic figure is quite homogeneous from one pole to 
the other. After the tetra-nucleate stage six furrows start, as sharp cutting 
edges formed by the infolding of the plasma-membrane, just along the equator 
of each spindle (Fig. 7). The rate of furrowing seems to be quite uniform at all 
points as is the case in Cob@a. In Nicotiana, on the other hand, furrowing 
proceeds at a much greater speed at the four points where three furrows 
meet, and this is responsible for the appearance of a triangular area in a 
transversely cut tetra-nucleate cell. The non-existence of this area in the case 
of Digera arvensis, together with the separation of all the microspores at the 
same time, clearly shows that the rate of furrowing is more or less uniform at 
all points. Sometimes one comes across a section which shows a greater 
depression on one side than on the others. This is due to the plane of section, 
as is very clearly explained by Mrs. W. K. Farr in Cob@a scandens. ‘The rate 
of furrowing appears to be very rapid, for many cases were observed where 
the furrows have just started and also many where the microspores have just 
been formed, but the intervening stages were very rare. 

About the tetra-nucleate stage the protoplast of the mother cell comes 
to be surrounded by a mucilaginous wall which sometimes is not seen in 
sections stained with iron-alum hematoxylin but becomes visible with Fast 
green. The nature and origin of this wall has attracted much attention 
during recent years, Farr (1916) considers that this is merely a product 
of the swelling and gelatinisation of the secondary strata of the mother cell 
wall and that the thickening is not growth but is “‘in the nature of an increase 
in the colloidal dispersity of the wall”. Gates (1924), on the other hand, 
observes that in Lathrea this wall is secreted by the cytoplasm in between 
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the plasma-membrane and the mother cell wall. Castetter (1925) also re- 
ports a similar condition in Melilotus alba. Beer (1911) seems to have 
found an intermediate condition in [poma@a, where he distinguishes this wall 
into two parts, an outer one formed by the gelatinisation of the mother cell 
wall, and an inner one secreted by the cytoplasm itself (Beer, 1911, Fig. 2). 
Our observations on Digera seem to support Farr’s conclusion, for here we 
have been able to study the gradual transformation of the mother cell wall 
into a gelatinised sheath. Both Gates and Castetter have emphasised the 
independence of the original mother cell wall from the gelatinised or special 
wall. In Digera no such independence could be observed. 


Farr’s idea (1920) that the greater the amount of gelatinisation of the 
cell wall the greater the width of the furrow, is also supported by the condi- 
tions in Digera. Here the gelatinous wall is comparatively thin and the 
furrows are, therefore, correspondingly sharp and narrow. She explains 
this by saying that a broad wall formed as a result of imbibing more water 
becomes much softer and so allows a greater amount of change in the form 
of the protoplasm caused by broader furrows. 

Joshi and Rao do not make any mention of the gelatinous wall and 
their Plate II, Figs. 9-12, might be taken to imply that this gelatinisation 
never occurs. This becomes still more clear when they write (see p. 219) that 
“at first the four pollen cells are surrounded by a small layer of cytoplasm 
of the mother-cell, but this is soon absorbed’’. A similar case was reported 
by Kanda (1920, p. 60) who writes that, “In Verbena angustifolia there are 
two different types of tetrad-formation. In the one case the peripheral 
cytoplasm of the pollen-mother-cell is left over to form a wall for the tetrad, 
this wall subsequently disintegrating, while in the other case the entire 
mother cell is utilised in the formation of the tetrad.’’ We consider it more 
likely that in both Digera and Verbena the authors are dealing with the 
gelatinous wall, for it is difficult to imagine how any cytoplasm can remain 
outside the plasma membrane which had formed the limiting layer of the 
four pollen cells. 


Sometimes it so happens that the tetrads with their gelatinous walls 
appear to be surrounded by a 4—6-sided skeleton of walls; more often these 
walls cross over the body of the tetrad. Their nature was discovered only 
when they were found to be absent in sections passing through the middle 
of the anther lobe. With the advancing age of the anther the cytoplasm 
of the tapetal cells recedes from the inner wall leaving a clear space on the 
inner side (Fig. 3). When a section passes tangentially through these spaces 
we can occasionally see only the cell boundaries of the tapetal cells. In 
some cases by chance some of the tetrads come to lie just above or below 
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these cavities and so appear to be enclosed within definite walls. It is 
just possible that Joshi and Rao’s Figs. 9-12 are illustrative of such skele- 
tons of walls while the real wall has already been gelatinised and may not 
have been discernible due to inadequate staining methods. 

When the microspores are about to be set free, they are occasionally 
separated from one another by means of radiating wall-like structures (Fig. 9). 
A similar case has also been reported by Beer (1911) in Jpoma@a. He regards 
them as “the first lamelle which are formed at the conclusion of the division 
of the mother cell’. Mangin (1889) has reported the same in Althea rosea, 
and he states that they are nitrogenous in nature. We are at present inclined 
to believe that in Digera they are formed by a coming-together process of 
the gelatinous material. 

4. Male Gametophyte. 

The separated microspores (about 8-11» in diameter) round up and 
enlarge. The first division results in the formation of a small generative 
and a large tube nucleus. As reported by Naithani and also by Joshi and 
Rao, the former organises itself into a lenticular cell (Fig. 10). By this time 
the exine has become quite prominent and shows about 10-15 or even more 
germ pores. 

There exists a great variation in the size and structure of the pollen 
grains which measure from 15-30y in diameter. This increase in size is 
also accompanied by changes in structure. Pollen grains that are up to 
about 20 in diameter remain, in general, in a healthy condition and it is 
only in a few of these cases that the generative nucleus divides while the 
pollen grain is still inside the anther lobe. We agree with Joshi and Rao 
that the pollen is usually shed at the bi-nucleate stage. At this time the 
exine is about }th of the diameter of the entire pollen grain and stands out 
as a yellowish structure against a bluish intine (Newton’s Gentian violet- 
iodine method). Degenerations seem to be quite common even at this stage 
and may involve all the pollen grains of an anther lobe. As reported by 
Favorsky (1928), we also found that the pollen of otherwise normally stained 
preparations sometimes appeared very dark and that additional destaining 
resulted in a uniform loss of colour without differentiation. Even in the 
same preparation some of the pollen grains were absolutely black while 
others were completely destained. The nuclei of such grains were crescent- 
shaped and often showed only the nucleolus. Artschwager and Starrett’s 


(1933) Plate II, Figs. B, C and E, clearly illustrate the same condition in 
Beta vulgaris. 


In some cases the pollen grains increase in size; the cytoplasm becomes 
homogeneous and takes a deeper stain, vacuoles disappear, starch grains make 
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their appearance and the generative nucleus divides to form two spindle-shaped 
male cells (Figs. 12-13). No definite structure can be made out of the sperm 
cells and the tube nucleus. All of them are jet-black and the latter shows 
a lobed appearance prior to fragmentation. On the whole, the general con- 
dition of these pollen grains leads us to believe that they are degenerating 
but this point needs to be confirmed by making some attempts to germinate 
them in the next flowering season. Billings (1934, Figs. 8-10) also gives 
three diagrams of a similar type for Atriplex and the last of these is regarded 
by him as illustrating a ‘“‘mature pollen grain showing complete nuclear 
disintegration’. 

The size variation in the mature pollen grains is very striking and all the 
intermediate stages are met with. We are unable to understand why the 
degenerating pollen grains should increase in size. Bhargava’s Figs. 36-37 
(1932) also seem to illustrate this point quite clearly, although he does not 
make any statement about this in the text. Oksijuk (1927) observed pollen 
grains of two sizes in his material of Beta vulgaris, a large percentage of small 
grains with an average diameter of 16-8, and a comparatively smaller 
number with a diameter of 21-5y. As no intermediate sizes are found, 
Oksijuk believes that the two types belong to two different races. This, 
however, does not seem to explain the condition in Digera. 

A notable peculiarity has been seen in connection with the fate of the 
exine. As has been mentioned before it is about ith of the total diameter 
of a healthy pollen grain at the time of shedding. With the increase in size, 
and the approach of the conditions which we regard as leading to degenera- 
tion, the exine seems to get thinner and thinner, till it becomes very much 
reduced in completely degenerated pollen. One can hardly avoid the con- 
clusion that during later stages of development the material composing the 
exine begins to be dissolved away. A more or less similar condition is re- 
ported by Brough (1924) in Styphelia longifolia, for in this case also the mature 
pollen grains show a much thinner exine than the uninucleate pollen grains. 
As an explanation he writes that ‘‘the thick stratified walls of the younger 
microspores represent a reserve store of cellulose which is drawn upon curing 
the rapid development which precedes the production of mature spores.”’ 

The two-nucleate condition of the pollen grain, which appears to be 
the more common one in Digera, is of rare occurrence in other Centrospermales. 
So far it has been reported in Boerhaavia diffusa (Maheshwari,? 1929), FP. 
vepanda (Bhargava, 1932) and some members of the Portulacacee. 


3 Recently, in some slides prepared by one of my pupils, Mr. B. P. Paliwal, I have seen 
several three-nucleate pollen grains, but these are all in an advanced state of degeneration. 
P. Maheshwari. © 
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5. Megasporogenesis. 


The archesporium consists of either a single hypodermal archesporial 
cell, or more frequently a group of 2-5 cells lying just below the nucellar 
epidermis, but usually only one undergoes the changes necessary to the for- 
mation of megaspores. 

The first division of the archesporial cell separates a primary wall cell 
fron: the sporogenous cell. The former is always the first to divide. We 
do not agree with Joshi and Rao when they say that ‘‘there seems to be no 
regularity in the sequence of the division of these two cells’. In order to 
substantiate their point these authors refer to their Plate III, Fig. 6, where 
the megaspore mother cell is supposed to have divided first. This seems 
to us to be incorrect, as in our opinion they are here dealing with a group 
of two sporogenous cells lying one above the other. That this is the correct 
interpretation appears to have been admitted at another place even by Joshi 
and Rao, where they describe the number of archesporial cells in the nucellus 
(see p. 221). 

The megaspore mother cell increases in size and divides twice to form a 
linear row of four megaspores. Sometimes there is a row of only three cells, 
the upper one of the two dyad cells having remained undivided. Naithani 
(1933) regards this to be the usual condition, but this is really not so as is 
also held by Joshi and Rao. In all cases seen by us the chalazal megaspore* 
functions and the others degenerate very early. In this connection Joshi 
and Rao mention some very striking exceptions. For instance, they write 
that (pp. 221-222), ‘‘in several cases it appeared that the upper megaspore 
of a linear row of 4 would form the embryo-sac (Plate III, Figs. 11-12). In 
these cases this megaspore had enlarged very much, and in some cases, it 
was in the early prophase (Fig. 12).’"" Even a casual glance at this figure, 
which is here reproduced as Fig. 14, would reveal that what is regarded by 
these authors as a functioning megaspore is really a megaspore mother cell, 
mounted on top of an axial row of three potentially sporogenous cells! This 
is made very clear by the presence of the synizetic knot in this cell. Our 
Fig. 15 also elucidates the same point quite clearly, although a row of only 
three cells is seen here. 

Further, on p. 222, Joshi and Rao write that two cases were found in 
which the four megaspores were seen to be arranged in a more or less tetra- 
hedral and bilateral manner. In fact, both these illustrations, here repro- 
duced as Figs. 16-17 respectively, merely show groups of four sporogenous 


4 Naithani (1933, p. 133) uses the term ‘embryo sac mother cell’ for the functioning 
megaspore. As a matter of fact, this term is usually applied to the megaspore mother cell, 
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cells (or “secondary archesporial cells’) arranged in different manners. 
Their form, their structure and the relative size of the nucellus fully justify 
this interpretation. 


6. Megaspores. 


Joshi and Rao (1934) have again misinterpreted the condition seen 
in their Plate IV, Fig. 6, here reproduced as Fig. 18. In their own words 
(pp. 223-224), ‘‘Here was found a row of 5 cells which in staining and other 
features had the characters of spores and were quite distinct from the other 
cells of the nucellus. The three lower cells possessed resting nuclei while 
the nuclei of the uppermost cells were in metaphase. The wall between 
these cells was very thin and at places indistinct and appeared to be in a 
state of dissolution.”’ As an interpretation they suggest that the lower 
three cells are non-functional megaspores and that the uppermost functional 
megaspore “‘had divided once, but unlike the normal case a wall was formed 
after this division. Each daughter nucleus was again dividing and an embryo 


sac was being formed by dissolution of the intervening wall between two 
upper cells........ 


There is scarcely any doubt that this represents a dyad in division 
mounted on an axial row of three well-differentiated nucellar or potentially 
sporogenous cells as seen in Fig. 14. The condition of the nucellus as well 
as the presence of a separating membrane fully justifies this interpretation. 
An almost parallel case was seen by Bhaduri (1932, Plate I, Fig. 5)5 in Solanum 
melongena, who has interpreted the structures quite correctly. Our Fig. 20 
shows three megaspores mounted on top of four large nucellar cells. 


7. Embryo Sac and Embryo. 


Our observations on the development and organisation of the embryo 
sac are in accord with those of Naithani as well as of Joshi and Rao.. The 
synergids bear hooks and are somewhat smaller than the egg (Fig. 21). 

With regard to their Plate IV, Fig. 7, Joshi and Rao state that the polar 
nuclei have remained free from each other and that the second male nucleus 
has fused with one polar nucleus alone. We think it more likely that these are 


two endosperm nuclei resulting from the first division of the primary 
endosperm nucleus. 


During the later stages of embryo development the inner layer of the 
inner integument and the outer layer of the outer one become. charac- 
teristically thickened as has been described by Woodcock in many of the 
Centrospermales. 


5 This is reproduced here as Fig. 19. 
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One abnormal case was observed, where a nucellus contained two embryo 
sacs lying one above the other and each containing four nuclei (Fig. 22). 
It is difficult to say if these embryo sacs are derived from two megaspores of 


Fics. 14-22. 


Fig. 14.—(Copied from Joshi and Rao’s Plate III, Fig. 12)—Supposed 
by them to show the enlargement of the uppermost megaspore, but really a 
megaspore mother cell in synizesis. Fig. 15—-A megaspore mother cell on top 
of two large nucellar cells. >< 840. Figs. 16 & 17—(Copied from Joshi and 
Rao’s Plate III, Figs. 15 & 16)—Interpreted by them as tetrads of megaspore; 
for our interpretation, see text. Fig. 18—(Copied from Joshi and Rao’s Plate IV, 
Fig. 6)—For explanation, see text. Fig. 19—(Copied from Bhaduri on Solanum 
melongena, 1932)—Showing 2 dyad cells in division on top of two nucellar cells, 
which simulate in appearance the sporogenous cells. Fig. 20—An axial row 
of three megaspores (Megs.) mounted on top of four nucellar cells. ‘ihe 
chalazal megaspore has enlarged. 840. Fig. 21—NMature eight-nucleate 
embryo-sac. \< 840. Fig. 22—2 four-nucleate embryo-sacs lying one above 
the other. >< 840, 
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the same tetrad, or they are the products of two different megaspore mother 
cells lying one above the other, but the absence of any intervening cells renders 
the former interpretation more likely. 


8. Discussion. 


According to Engler and Prantl (1894), the order Centrospermze consists 
of the families Chenopodiacee, Amaranthacee, Nyctaginacee, Cyanocram- 
bacez (=Thelygonacez), Phytolaccacee, Aizoaceze, Portulacacee, Basellacez 
and Caryophyllacee. Wettstein* (1924) includes the Cactacez also in this 
order. Hutchinson (1926) breaks up this whole group into two orders :— 
Caryophyllales, consisting of the Elatinaceze, Caryophyllacez, Molluginacez, 
Ficoidaceee (Aizoacez) and Portulacacee; and Chenopodiales, consisting 
of the Phytolaccacee, Cynocrambacez, Chenopodiacee, Batidacee, 
Amaranthacee and Basellacee. 

The families Chenopodiacee, Amaranthacee, Nyctaginacee, Phyto- 
laccaceze, and Aizoaceze form a very natural assemblage. The floral plan 
is simple and uniform. Anatomically they all show an anomalous secondary 
growth arising through successive development of extrafascicular cambium 
rings. From the embryological point of view the following features may be 
regarded as characteristic of them :— 

(a) A typically glandular anther-tapetum, which does not form any 

periplasmodium. 


(6) A generally three-nucleate condition of the mature pollen. 

(c) Periclinal divisions in the nucellar epidermis. 

(d) The formation of the micropyle by the inner integument only. 

(e) The curved appearance of the embryo sac. 

The accompanying chart summarises the more important embryological 
feature of all the families belonging to the order Centrospermales. 

The position of the Cactacee, which was hitherto doubtful, now seems 
to be somewhere near the Aizoacee, while the Cyanocrambacee (=Thelygo- 
naceze) is thought to occupy an isolated position in the order. Further investi- 
gations on both of these are necessary before a definite opinion can be ventured. 

The remaining 3 families Basellacee, Portulacacee and Caryophyllacee 
show some important differences in having a more advanced floral organisa- 
tion and the Phytolaccacez, which possesses both simple and complex types of 
floral structures, seems to connect the two groups in some ways. Although 
some genera of the Caryophyllacee (see Pfeiffer, 1926, p. 23) do show the 
anomalous secondary growth characteristic of the Chenopodiacee, the 
Portulacacee and Baselacee do not show this anomalous structure at all. 
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TAPETUM POLLEN OVULE AKCHESPORIUM 
CHENOPODIACE 
ARTSCHWAGER, 1927 a, 4; 1933 ( Beta) No perip., cell Sim. Quad- | 3-nuc. one | Massive nucellus | One archesp. cell |f 
OKSIJUK, 1927 (Beta) 2-nuc. ripartition | supernume-| with 2 integ. which cuts off a 
FAVORSKY, 1928* (Beta) by furrow- | rary nuc. in wall cell. 
BILLINGS, 1934 (Afripdex) ing. Atriplex 
AMARANTHACE 
WOODCOCK, 1932 (Amaranthus) No perip. In = ro 3-nuc. In * ” One archesp. cell 
NAITHANI, 1933 (Digera) Digera cells | Digera but in Digera 
JOSHI and RAO, 1934 ( ,, ) 2-5 nu. both 2- & up to 5 or 6; 
PuRI and SINGH 1935 _,,_ 3-nuc. wall cells are 
cut off. 
PHYTOLACCACE 
LEWIS, 1905 ( Phytolacca) No perip., cells Usually many 
WOODCOCK, 1924 ( ms ) usually 2-nu. archesp. cells. 
MAURITZON, 1934 (Phytolacca, Rivinia, derived from Wall cell is cut 
Vellamilla, Petiveria) | parietal layers off. 
CYANOCRAMBACEZ: (= THELYGONACE#) 
SCHNEIDER, 1914* ( srctias 3-nuc. Massive nucellus | One archesp. cell. 
WOODCOCK, 1929 (_,, ” with 1 integ. Wall cell is cut 
off. 
NYCTAGINACEAE 
DAHLGREN, 1916 (Mirabilis) No perip., cells | Sim. Quad- | 3-nuc. In Massive nucellus 2 - 
ROCEN, 1927 { Aédronia, Oxybaphus, etc.) usually 2-nuc. ripartition Boerhaavia| with2 integ., 
MAHESHWARI, 1929 ( Boerhaavia) by furrow- | both 2- & but in A dbronia 
BHARGAVA, 1932 ( ” ) ing 3-nuc. and Boerhaavia 
only one. 
AIZOACEZE 
HUBER, 1924 ( Mesembrianthemum) 3-nuc. Massive nucellus | One archesp. cell. 
SCHMID, 1925* ( re x with 2 integ. Wall cell is cut 
WOODCOCK, 1930 ( Aril in 7'rian- off. In Mollugo 
BHARGAVA, 1934, 1935 (Molluge, thema. sometimes 2 or 
Trianthema) 3 archesp. cells. 
CACTACEZE 
D’ HUBERT, 1896* (Cereus, Opuntia, etc.) ” ” Massive nucellus 
GANONG, 1898* eng with 2 integ. 
HULL, 1915* = ( 
MAURITZON, 1934 (Rhipeatis) 
PORTULACACE 
DAHLGREN, 1916 (Portulaca, Montia, etc.) No perip. 2-nuc. One archesp. cell 
WOODCOCK, 1925 ( Claytonia) which cuts off a 
ROCEN, 1927 (Claytonia, Portulaca, etc.) wall cell. In 
rare cases 2 
archesp. cells. 
BASELLACE 
DAHLGREN, 1916 ( Base//a) No perip., cells ” ” ” ” 
ROCEN, 1927 (Basella, Ullucus, etc.) 2-or more nuc. 
CARYOPHYLLACEZ 
DAHLGREN, 1916 (Spergula, Alsine) Sim. Quad- | 3-nuc. Usually one 
Woopcock, 1926 (A/sine) ripartition archesp. cell but 
Rocén, 1926, * 1927 (Agrostema, by furrow- sometimes 
Dianthus, etc.) ing. many. Wall cells 
are cut off, 
N.B.— e.s. = embryo sac, integ. = integument, Lil.T. = Lilium type, N.T. = Normal type, Nu = Nuclear, o 
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POLLEN OVULE AKCHESPORIUM TETRAD EMBRYC 
B-nuc. one | Massive nucellus | One archesp. cell |Both prim. An axial row of N.T 
supernume-| with 2 integ. which cuts off a| parietal cell | 3 megaspores. | In Beta v: 
rary nuc. in wall cell. and nucel- more tha 
Atriplex lar epid. antipoda 
divide peri- occur, 2 
clinally. coecum i 
ed. 
One archesp. cell An axial row of 3 N.1 
but in Digera or 4 mega- 
both 2- & up to 5 or 6; spores. 
wall cells are 
cut off. 
” Usually many An axial row of 3 N.1 
archesp. cells. megaspores of 
Wall cell is cut which upper- 
off. most is 2-nuc. 
Massive nucellus | One archesp. cell. a sé Normal tetrad of N.1 
with 1 integ. Wall cell is cut 4 megaspores. 
off. 

B-nuc. In Massive nucellus o ” ” ” Normal tetrad of N.” 
Boerhaavia| with 2 integ., 4 megaspores. | Antipodal 
both 2- & but in A bronia In Miradilisno| may di 
3-nuc. and Boerhuavia walls may be| formme 

only one. formed. 

3-nuc. Massive nucellus | One archesp. cell.} ,, Usually 4 mega- 

with 2 integ. Wall cell is cut spores but some-| In Mese1 
Aril in 7vian- off. In Mollugo times only 3. themum 
thema. sometimes 2 or truncat. 
3 archesp. cells. Lil.T. 
Massive nucellus An axial row of N. 
with 2 integ. 3 megaspores, | Lil. T. in 
cactus ? 
(D’Hu 
is io One archesp. cell ” ” Usually 4 mega- N. 
which cuts off a spores but some- 
wall cell. In times only 3. 
rare cases 2 
archesp. cells. 
” ” ” ” ” ” ” ” N. 
“ ie Usually one Nucellar Both types are N. 
archesp. cell but; epid. does} quite common. | Divertici 
sometim es not divide hausto1 
many. Wallcells| (ROCEN, formed 
are cut off. 1927). 


ilium type, N.T. 


Normal type, Nu = Nuclear, nuc. = nucleate, P.M.C. = Pollen-motl 
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D EMBRYO SAC ENDOSPERM EMBRYO REMARK 


w of x Nu. Row of 4 cells, terminal esos 
res. | In Beta vulgaris forms the quadrant, two 
more than 3 middle cells form hypo- 
antipodals may cotyl and lowest forms - 
occur, and a hypophysis and suspen- 
coecum is form- sor. 
w of 3 N.T. Nu. Row of 3-5 cells; the ter- | Many more plants need 
Za- Wall formation occurs} minal one forms the investigation. 
in the micropylar| embryo. 
end and later on 
throughout. 
w of 3 N.T. Nu. Row of 5 or more ceils, 3 | Very little is known 
es of Wall formation occurs} terminal ones form about the male gameto- 
yer- along the wall of | quadrants : suspensor phyte. 
‘nuc. the embryo sac. long and narrow. 
rad of N.T. Nu.? este Nature of the endosperm 
ores. (MAURITZON, 1934, should be reinvesti- 
thinks it to be cellu- gated. 
lar). 
rad of N.T. Nu. Suspensor short and mas- | A tendency towards for- 
ores. | Antipodal cells | Wall formation occurs| sive. mation ofa false perip. 
ilisno| may divide to| only in the micro- is found in some plants. 


iy be} formmorecells.| pylar end. 


nega- N.T. Nu. Suspensor long and thin. | The report of a Lil.T. 
tsome-| In Mesembrian- Embryo globular. of e.s. in Mesembrian- 
y 3. themum pseudo- themum needs confir- 
truncatellum mation. 
Li..T. 
‘ow of N.T. Nu. Polyembryony in Opuntia |Its inclusion in the 
ores, | Lil. T. in Pillo- (GANONG). Centrospermales seems 
cactus ? to be justified. 
(D’ HUBERT). 
mega- N.T. Nu. The first division of the ccee 
it some- Only the micropylar| egg separates the suspen- 
ly 3. end becomes cellular.} sor cell which may further 
divide. 
N.T. A large basal suspensor 


Nu. 
Walls are laid down | cell which later on forms 
in the whole region! a massive structure. 


round the e.s. 
es are N.T. Nu. The first division separates| The large size of the 
mmon. | Diverticula and| Wall formation varies | the haustorium and the| family and the variety 
haustoria are| in different cases. terminal cell divides} inits structure warrant 
formed. twice to form 4 cells. its elevation to an 


independent order. 


.C. = Pollen-mother cell, perip. = periplasmodium, Sim. = Simultaneous division. 
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The latter was originally included in the Chenopodiacee (Bentham and 
Hooker), but the simple structure of its root and stem, without the type of 
anomaly characteristic of the Chenopodiaceee, warranted its separation from 
the latter (Solereder, 1908, pp. 663-664). 

In embryological features some further points of difference are noticeable. 
Periclinal divisions in the nucellar epidermis—a characteristic feature of the 
Chenopodiacez and the families allied to it—have not been observed in any 
member of the Caryophyllacee. Another difference is the frequent presence 
of a multicellular archesporium in the Caryophyllacee, although the Phyto- 
laccaceze and occasionally some other families of the order also show the same 
condition to a certain extent. Schnarf (1933, p. 281) regards that in the 
Caryophyllacee the female gametophyte, the endosperm, and the embryo 
follow quite a peculiar differentiation. In describing cell formation in the 
endosperm of this family Rocén (1927) distinguishes three types :— 

(1) Silene-type—Cell formation occurs in the entire embryo sac as in 
Silene and Paronychee. ‘The family Basellaceze also shows the same condition. 
In this respect both these families differ from the Chenopodiacee and its allies, 
where wall-formation is usually restricted to micropylar end. 


(2) Melandrium-type—Only the micropylar end becomes cellular as 
in most of the Lychnidee, Dianthee, Alsineze and Sperguler. Most of the 
Portulacaceee show the same condition. 


(3) Heliosperma-type-—Only a single layer of endosperm cells is found 
surrounding the hypocotyl of the embryo as in Heliosperma, Stellaria and 
Polycarpeze and also some of the Portulacacez. 

It seems that during the past, too much importance has been attached 
to the curved condition of the embryo seen in all these families. In spite of 
some obvious similarites between the families included under the Centro- 
spermales, we think this order is rather unwieldy and at the same time some- 
what heterogeneous. It would perhaps be more convenient to separate this 
into two groups :—(i) Centrospermales, consisting of Chenopodiacee, Amaran- 
thacee, Phytolaccacee, Nyctaginacee, Aizoacee, Cactaceze and Cyanocramba- 
cee; and (ii) Caryophyllales, consisting of Portulacacee, Basellacee and 
Caryophyllacee. Hutchinson’s separation of the Aizoacee from the Cheno- 
podiales does not seem to be justifiable.’ 


The above suggestions can only be tentative till further investigations 
have been made with regard to some of the families considered here, especially 


6 The term ‘Curvembreae’ is also used for this order. 


7 See Bhargava (1935) for a full discussion of the relationships of the Aizoacee and 
the Nyctaginacez, 
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the Cactacez, Aizoaceee and Cyanocrambaceez. What we wish to emphasise, 
however, is that a nearer approach to a natural classification can be obtained 
from a study of the plants in their entirety, that floral characters alone are 
not enough for the purpose, and that anatomy and embryology are capable 
of helping in the solution of taxonomic problems. 


9. Summary. 


1. Microsporogenesis and the development of the male gametophyte 
follow the usual course. Each anther lobe contains about 25-30 mother cells. 
The tapetal cells may contain as many as five nuclei. The endothecial layer 
develops the usual fibrous thickenings. 

2. The haploid and diploid number of chromosomes is 6 and 12 respec- 
tively. 

3. Cytokinesis takes place by furrowing. The mother cell wall gela- 
tinises at the tetra-nucleate stage or even before it. 

4. Great variations in the size of the pollen grains and thickness of 
the exine are met with. Degeneration is very common. Pollen grains are 
shed both at two- and three-nucleate stages. 


5. In the nucellus there are usually several archesporial cells but normal- 
ly only one succeeds in forming the embryo sac. 

6. A linear tetrad of four megaspores is the rule, but in some cases the 
upper of the two dyad cells fails to divide, thereby resulting in a linear row 
of only three cells. In every case the lowest megaspore functions. 

7. The mature embryo sac is of the normal 8-nucleate type. The 
synergids are hooked and the antipodals are ephemeral. 

8. It is suggested that the families Portulacacee, Basellacee and Car- 
yophyllaceze be separated and put in another order, the Caryophyllales. 

Our heartfelt thanks are due to Dr. P. Maheshwari for his continued 
interest in the work and for ‘his helpful suggestions and valuable criticism. 
We also thank Mr. B. L,. Gupta for his kindly going through the manuscript 
and Mr. B. M. Johri for generously placing at our disposal the material and 
slides he had already prepared for this study. 
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Introduction 
In the present paper it is proposed to analyse our data on the relation between 
the concentration of carbon dioxide in the environment and the rate of carbon 
dioxide assimilation by radish leaves, the same ‘type leaves’t being em- 
ployed whose photosynthetic behaviour was earlier studied in response to 
different light intensities under known conditions of other external variables. 


The general technique of experimentation was the same as described 
in a previous contribution. Variations of carbon dioxide supply were brought 
about by either altering the rate of dropping of hydrochloric acid upon the 
marble pieces in the CO, generating tower or by altering the strength of the 
acid dropped, or both. The other external factors of temperature and light 
intensity were kept at a known value. 

Observations made hitherto by different workers on the relation between 
the concentration of carbon dioxide and the rate of photosynthesis by plants, 
although not in entire unison with one another, possibly on account of the 
differences in the experimental conditions which have been used, have served 
to emphasise the fact that the curve connecting the partial pressure of carbon 
dioxide with the rate of photosynthesis consists of three main parts. There 
is the first ascending part of the curve, which is more or, less linear, and 
where the photosynthetic activity appears to increase proportionately to 
the carbon dioxide concentration. This is followed either immediately 
or after an intervening gradual bend by a horizontally linear part where the 


* This paper belongs to the series “Studies in Photosynthesis of Tropical Plants,” and is 
fifth in the series. 


¢ Contributions from the Institute of Agricultural Research, Benares Hindu University. 


+ Young-mature leaves: such leaves are thirteen to sixteen days old chronologically, 
expose an area of 20-28 sq. cm. on a single side and are physiologically intermediate between 
the extreme type of young and mature leaves. 
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assimilatory activity is limited by some factor other than carbon dioxide 
concentration. And lastly comes the descending portion of the curve 
where the narcotic effect of high percentages of carbon dioxide on photo- 
synthesis manifests. The points round which the conflict centres are: 
(1) whether the ascending portion of the curve passes into the horizontal 
portion at a clearly defined point or whether the transition is a gradual one ? 
and, (2) whether the ascending portion of the curve is linear denoting strict 
proportionality between the rate of photosynthesis and the lower concentra- 
tions of carbon dioxide or whether there is a falling off of this relation right 
from the start ? 


Regarding the first point, Blackman and Smith’ have constructed the 
curve expressing the carbon-dioxide-photosynthesis relation with a sharp 
angle between the rising part of the curve and the subsequent horizontal 
phase. Most of the subsequent workers, however, including among others, 
Boysen Jensen*, Bose, Warburg,!® Harder,!! and Lundegardh!3 have ob- 
tained smooth curves expressing this relationship instead of the typical 
limiting factor curve with a sharp bend. Again, Blackman and Smith? 
have demonstrated a direct proportionality between lower concentrations 
of carbon dioxide and the rate of assimilation working with the aquatic 
plant Elodea. The experiments of Brown and Escombe® on Helianthus 
annuus and other land plants point in the same direction. Contrary to the 
findings of these workers, Warburg!*® and Harder! failed to detect a direct 
proportionality between carbon dioxide concentration and assimilation. 
More recently James!® working from a somewhat different standpoint of 
the conditions of supply of carbon dioxide to water plants has shown that 
the relationship between the partial pressure of carbon dioxide and the rate 
of assimilation is expressed by smooth curves of hyperbolic form. 


Our object in undertaking these experiments was the re-investigation 
of the fundamental relation between CO, concentration and the velocity 


of photosynthesis in tropical leaves with special reference to the controversial 
points in question. 


The rate of photosynthesis wnder varying concentration of CO 


Low light intensity—Experiments I—V were run at a more or less con- 
stant illumination intensity of 5,730 M.C. with young-mature leaves of radish 
selected from plants about a month and a quarter old. The experimental 
temperature throughout this series of experiments was maintained at 29° C. 
with fair constancy. The results are graphically represented in curve I, 
Figs. 1 and 2. Details as regards the plotted values of assimilation and the 
carbon dioxide concentrations used in each experiment are given in the 
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legend below the figures. It will be observed that as the concentration of 
carbon dioxide increased from 0-057 to 7-65 mgm. per 100 c.c. the rate of 
photosynthesis continued to rise though the rise was not uniform throughout 
this range, it being higher between 3-07 and 5-5 mgm. per 100 c.c. than at 
the earlier range and in general showing a falling off as the concentration 
of carbon dioxide advanced to 7-65 mgm. per 100 c.c. From 7-65 to 8-9 
mgm. per 100 c.c. the rate of assimilation kept at a practically stationary 
value showing thereby that some factor other than carbon dioxide, was 
limiting the rate of assimilation at this stage. Further increase of the con- 
centration of carbon dioxide to 9-6 mgm. per 100c.c. resulted in a fall in 
the rate of assimilation due probably to the toxic action of high carbon 
dioxide percentages on assimilation beginning at this stage. 


The impetus to using this light in this set of experiments arose from the 
fact that in these regions light intensities of this order obtain in nature during 
the months of August and September when the sky is frequently overcast 
and it rains not unoften. This series of experiments, therefore, gives us the 
means of predicting the photosynthetic behaviour of radish plants during 
the rainy season under various stresses of carbon dioxide concentration. 

Medium light intensity—In the foregoing series of experiments it having 
been observed that the maximum assimilation value (56-100 mgm.) was 
attained at 7-65 mgm. per 100c.c. and that the increase of carbon dioxide 
concentration from 7-65 to 8-9 mgm. per 100c.c. remained without visible 
effect in furthering the rate of assimilation, it was thought desirable to in- 
vestigate the nature of the controlling factor which exercised a limiting 
action at this stage. Since the temperature used was one that had been 
shown to be adequate for high rates of assimilation!® it was decided to use a 
moderate illumination intensity of 28,650M.C. Six experiments (VI—XI) 
were performed at this light intensity, using as in the previous series, several 
concentrations of carbon dioxide. The temperature was again maintained 
at 29°C. throughout this series of experiments. The results are presented 
in curve II, Figs. 1 and 2. The plotted values of assimilation in each experi- 
ment together with the corresponding concentrations of CO» are indicated 
in legends below the figures. 


The general contour of the carbon dioxide concentration-assimilation 
curves obtained at this light intensity is rather contrasted from that obtained 
for the lower light intensity especially in the first rising part of the curves 
which show a steeper rise. This may probably be connected with the general 
widening of the stomatal opening and the changes in the diffusion and photo- 
chemical reduction of carbon dioxide with the increase of light intensity. 
It will be recalled that Lundegardh’s CO,-curves (relating apparent 
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assimilation to carbon dioxide concentration) obtained at higher light show a 
similar distinction from those obtained at the lower light, though the light- 
curves (revealing the relation of apparent assimilation to light intensity) 
obtained at different carbon dioxide concentrations obviously adhere to 
the same form at all concentrations of carbon dioxide at which they were 
obtained. Moreover, our own light-assimilation curves obtained at different 
partial pressures of carbon dioxide!® unlike our COy,-assimilation curves 
obtained at different light intensities, show more uniformity among them- 
selves in this respect. 


The ascending part of the curve is more or less gradually brought to a 
termination at a concentration of 7-69 mgm. per 100c.c. in the assimilation 
value of 181-009 mgm. ‘Thereafter the curve is continued in an approxi- 
mately level phase upto 10-0 mgm. per 100 c.c. again indicating that in this 
region the assimilation is independent of carbon dioxide concentration and 
most probably light-limited. With this intensity of light the horizontal 
portion of the curve is reached at a higher value of assimilation (181 -009 mgm.) 
than with the lower light (56-100 mgm.). Further increase of carbon dioxide 
concentration beyond 10-0 mgm. per 100c.c. results in a depression of the 
assimilatory activity as is evidenced by the falling portion of the curve. 


This declining phase of the curve represents the results of Experiments 
X—XI. In Experiment X, at a concentration of 12-7 mgm. per 100 c.c. the 
rate of assimilation of a young-mature leaf is depressed toa level when the 
assimilation (apparent) ceases completely and a good deal of the respiratory 
carbon dioxide too remains unassimilated, inasmuch as the value of assimilation 
(real) under this high partial pressure of carbon dioxide is only 0-24 mgm. 
as against a respiration value of 8-24 mgm. During the course of the same 
experiment the leaf received a slightly lower concentration of carbon dioxide 
of 12-6 mgm. per 100 c.c. when the assimilation (real) achieved was 1 -66 mgm., 
that is to say, the assimilation was enhanced by a slight uncontrollable varia- 
tion in the supply of carbon dioxide on the side of defect. However, it still 
temained at a pitch at which there was no apparent assimilation, and at 
which a considerable amount of the respiratory carbon dioxide continued 
to pass unassimilated. This accidental lowering of the CO:-concentration 
having provided an inkling of the fact that the toxic effect of high carbon 
dioxide concentration apparently disappears, a substantially lower concen- 
tration of carbon dioxide of 10-7 mgm. per 100 c.c. was designedly supplied 
to the leaf later. The assimilation recorded under this carbon dioxide con- 
centration was 120-006 mgm. This reading confirmed that recovery from the 
toxic effect of strong carbon dioxide is possible even when the assimilation 
has fallen to a level where the leaf has stopped assimilating a large measure 
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of its respiratory exhalation even. Experiment XI was performed with a 
young-mature leaf at a carbon dioxide concentration of 11-01 mgm. per 
100 c.c. in the first half of the experiment and 10-1 mgm. per 100 c.c. in the 
second half of the experiment. The assimilation value obtained at 11-01 
mgm. carbon dioxide concentration was 115-212 mgm. In the latter half 
of the experiment when the concentration supplied was 10-1 mgm. this 
value rose to 190-206 mgm., which is in fair agreement with the value 
obtained at 10-00 mgm. per 100 c.c., namely, 191-256 mgm. 


The depression in assimilation due to high carbon dioxide concentra- 
tion has been ascribed by Blackman to a general narcotic effect of strong carbon 
dioxide upon protoplasm. A similar effect was previously noted by Chapin® 
in connection with the growth of bean roots and the hypocotyl of Sinapis. 
Darwin,® Linsbaur,!* Chapman, Cook and Thompson’ have found that high 
concentrations of carbon dioxide induce a closure of the stomata and thus 
depress assimilation. Thus it appears that two causes are responsible for 
the retardation of assimilation at high concentrations of carbon dioxide. 
Little light seems to have been thrown, however, on the exact nature of the 
insensibility produced in the protoplasm of the leaf which reacts adversely 
on the photosynthetic activity. 

Blackman and Smith? have shown that in water plants there is no 
depression even with such a high concentration of carbon dioxide as is con- 
tained in an aqueous medium of 30 vols. per cent. dissolved carbon dioxide. 
On this account the horizontal part of the curves relating to their experi- 
ments, and those of Harder and others!! who have experimented with water 
plants, is fairly prolonged. In radish, on the other hand, as an inspection 
of our curves would show, this region is comparatively short, denoting the 
smaller resistance of radish leaves to the poisonous action of high concentra- 
tions of carbon dioxide. 


High light intensity—The assimilational values recorded in the experi- 
ments of the last section reached almost their highest magnitude in 181 -009 
mgm. at a carbon dioxide concentration of 7-696 mgm. per 100 c.c. and 
remained at approximately the same level between 7-696 mgm. per 100 c.c. 
and 10 mgm. per 100c.c. In this section a series of experiments made at 
a higher light of 68,760 M.C. with young-mature leaves of radish gathered 
from plants 32-40 days old are described. The temperature was kept the 
same as in the first two series, viz., 29°C. The first determination was made 
at a concentration of 0-3mgm. per 100c.c. when the hourly assimilation 
was 37-902 mgm. (Experiment XII). The next Experiment (XIII) was 
run at a carbon dioxide concentration of 3-5 mgm. per 100 c.c. the assimila- 


tion mounting to 121-440 mgm. Experiment XIV was carried out at two 
B7 


914 B. N. Singh and K. Kumar 


different concentrations of 7-0 mgm. in the earlier part and 7-95 mgm. per 
100 c.c. in the latter part, other conditions being maintained as in the earlier 
experiments. At 7 mgm. per 100 c.c. the assimilation averaged 301-106 mgm. 
and at 7-95 mgm. per 100c.c. it was 327-340 mgm. In Experiment XV the 
carbon dioxide supply was raised to 10-6 mgm. per 100 c.c., the assimilation 
achieved per hour under this concentration was 339 -743 mgm., showing thereby 
that increase of carbon dioxide concentration had ceased to sensibly increase 
photosynthesis and that some factor other than carbon dioxide had begun 
to act as a limiting factor. To trace the sloping portion of the curve at this 
light intensity further, higher concentrations of carbon dioxide were used. 
Experiment XVI was conducted at a concentration of 12-5 mgm. per 100 c.c. 
when the photosynthetic rate was found to drop to 289-060 mgm. ‘The next 
Experiment (XVII) was performed at three different concentrations of 0 -0525, 
0-0815 and 0-1525 mgm. per 100 c.c. giving the usual preliminary before the 
determination at each concentration of carbon dioxide. The assimilation 
values reached were 17-146, 18-712 and 25-140 mgms. respectively. The 
last Experiment (XVIII) conducted under this high illumination intensity 
was at a carbon dioxide supply of 0-598 mgm. per 100 c.c., the photosynthetic 
value realised in this case being 43-906 mgm. 


CO2-Photosynthesis Proportionality 


A survey of the three carbon dioxide assimilation curves obtained at 
low, medium, and high light intensities shows that strict proportionality 
does not hold over any range of concentrations. For example in curve I, 
the assimilation at carbon dioxide concentrations of 1-35 and 3°07 mgm. 
per 100 c.c. is 12-249 mgm. and 20-869 mgm. respectively, 7.e., by increasing 
the concentration of carbon dioxide 2-27 times the assimilation is only pro- 
moted 1-71 times. Examining the assimilation values for another two con- 
centrations 3-07 and 5-50 mgm. per 100 c.c. on the same curve, we notice 
that an increase of carbon dioxide concentration by 1-79 times is followed by 
an increase of assimilation 2-1 times, the assimilation value at the latter 
concentration being 44-949 mgm. A similar examination of curve II between 
the same two pairs of carbon dioxide concentrations shows that the assimila- 
tion is increased 1-77 times for an increase of 2-27 times in the carbon dioxide 
concentration with reference to the first pair of carbon dioxide percentages 
considered, and 2-85 times for an increase of 1-79 times in the concentration 
with reference to the second pair considered. Likewise in curve III, the 
assimilation rose from 37-902 mgm. to 121-440 mgm. by altering the concen- 
tration from 0-30 to 3-50 mgm. per 100 c.c., 7.e., there was an increase of 
3-2 times in photosynthesis by raising the concentration 11-0 times. In 
a further portion of curve 3, it is seen that the assimilation is enhanced from 
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121-440 mgm. at 3-50 mgm. per 100 c.c. to 222 mgm. (read from curve) at 
5-5 mgm. per 100 c.c. so that there is an increase of 1-82 times in the 
assimilation as against an increase of 1-57 times in the carbon dioxide con- 
centration. These illustrations make it clear that there is « » proportionality 
kept between the varying carbon dioxide concentrations and the assimilation 
rate of radish leaves at concentrations lower than 2 mgm. per 100 c.c. and 
that between 3 and 5 mgm. per 100 c.c. such a relation appears to subsist. 
However, it is necessary to examine that region of the curve in which Brown 


and Escombe® found a direct proportionality, 7.e., upto 0-8 mgm. CO, 
per 100 c.c. 


In curve I, Fig. 1, the value of real assimilation reached under an external 
carbon dioxide supply of 0-057 mgm. per 100 c.c. of air mixture passed over 
the leaf is 10-286 mgm. per hour and the value for about ten times that con- 
centration, viz.,0-5 mgm. is 11-549 mgm. per hour as can be easily seen 
from the inset diagram in Fig. 1 which represents the earliest portions of 
curves, I, II, and III drawn to an extended scale. It will be noted that 
practically a ten-time increase in the concentration in this case has not 
resulted in a proportionate increase in the real assimilation which has only 
gone up 1-12 times what it was at the lower concentrations. 


Examining real assimilation values at CO, concentrations of about the 
same order in curve II, Fig. 1, we find that at 0-049 mgm. carbon dioxide 
supply per 100 c.c. the hourly assimilation value is 10-846 mgm. and at 
0-0739 mgm. per 100 c.c. it is 11-585 mgm. That is to say, the ratio of 
the partial pressures of carbon dioxide in these two cases is 1 : 1-50 while 
the ratio of carbon dioxide absorbed per hour in these cases is 1 : 1-06. 
Surely there is not much correspondence between these ratios, but if we 
focus our attention on the hourly apparent assimilation values achieved at 
these concentrations, viz., 0-986 mgm. and 1-725 mgm. respectively (curve II, 
Fig. 2) the case is altered, and for a ratio of carbon dioxide concentration 
1: 1-50 the ratio of apparent assimilation is 1: 1-74 which is indicative 
of a fair measure of agreement between these ratios. 


Inspection of curve III, Fig. 1, obtained at the highest light intensity 
shows that the value of real assimilation attained at 0-0815 mgm. CO, per 
100 c.c. is 18-712 mgm. whereas for a 0-1520 mgm. carbon dioxide supply 
it is 25-140 mgm. The ratio of carbon dioxide concentrations in this case 
is 1: 1-86 while the ratio of the hourly assimilated amounts is 1 : 1-34, 
again showing a lack of clear correspondence between the two ratios. 
Considering, however, the hourly apparent assimilation at these two concentra- 
tions, 8-872 and 15-300 mgms. respectively (curve III, Fig. 2) the relation 
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Fia. 1. CO,-assimilation (real) relation at an average temp. of 29° C. at the light 
intehsity and CO, concentration in mgm. per 100 c.c. as indicated. Curve I—(lowest one) 
obtained at a light intensity of 5,730 M.C., Expts. I-V, 10-286 at 0-057 CO., 11-050 
at 0-300 CO,, 11-549 at 0-50 CO,, 11-799 at 0-609 CO,, 12-249 at 1-350 CO, 20-869 
at 3-07 CO,, 44-949 at 5-50 CO., 56-100 at 7-65 CO., 54-95 at 8-90 CO,, 24-36 at 
9-55 CO.. Curve IJ--(middle one) obtained at a light intensity of 28,650 M.C., Expts. 
VI-XI, 10-846 at 0-049 CO,, 11-585 at 0-0739 CO,, 12-250 at 0-305 COz, 13-506 at 
0-612 COs, 16-516 at 1-40 COz, 16-886 at 2-08 CO., 45-014 at 3-60 CO., 82-755 at 
5-460 CO., 181-009 at 7-696 CO., 191-256 at 10-0 CO., 134-866 at 10-478 CO., 1-66 at 
12-60 CO,, 0-24 at 12-7 CO,, 120-006 at 10-70 CO., 115-212 at 11-01 CO., 190-206, at 
10-10 CO,. Curve IJI—(uppermost one) obtained at a light intensity of 68,760 M.C., 
Expts. XII-X VIII, 37-902 at 0-30 121-440 at 3-50 301-166 at 7-0 
327-340 at 7-95, 330-743 at 10-60 CO., 289-060 at 12-50 CO., 17-146 at 0-0525C0,, 
18-712 at 0-0815 CO,. 25-140 at 0-1520, 43-906 at 0-598. In the inset diagram the 
CO,-assimilation relation at the earlier concentrations is represented on a magnified 
scale. 


between carbon dioxide concentration and assimilation appears to be closer, 
for the ratios of the carbon dioxide partial pressures and of the apparent 
assimilations work out to be 1 : 1-86 and 1 : 1-72 respectively. 


Again on surveying the values of real assimilation on curves, I, II and III, 
Fig. 1, at a slightly further range of concentration, i.e., 0-30 mgm. at one 
end and 0-6 mgm. per 100 c.c. at the other, the ratios of real assimilation for 
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Fig. 2. CO,-assimilation (apparent) relation atan average temperature of 29° C, 
at light intensity and CO, concentration in mgm. per 100 c.c. as indicated. Curve I 
—obtained at alight intensity of 5,730 M.C., Expts. I-V, 0-437 at 0-057 CO., 1-201 at 
0-300 CO., 1-700 at 0-50 COs, 1-95 at 0-609 COz, 2-40 at 1-35 COs, 11-02 at 3-07 CO,, 
35-10 at 5-50 CO,, 47-000 at 7-65 CO., 46-50 at 8-90 CO., 16-06 at 9-55 CO,. Curve I] 
—obtained at a light intensity of 28,650 M.C., Expts. VI-XI, 0-986 at 0-049 CO., 1-725 
at 0-0739 CO., 2-390 at 0-300 CO., 3-646 at 0-612 COs, 6-656 at 1-40 CO., 7-026 at 
2-08 CO, 35-154 at 3-60 CO., 72-895 at 5-46 COs. 172-008 at 7-696 CO., 183-016 at 
10-0 CO,, 126-626 at 10-478 CO,, 0-000 at 12-6 and at 12-7 CO,, Curve IJ I—obtained at 
alight intensity of 68,760 M.C., Expts. XII-X VIII, 28-062 at 0-30 CO,; 111-600 at 
3-50 CO., 292-106 at 7-0 COz, and 319-040 at 7-95 CO,, 331-603 at 10-60 CO, , 281-060 
at 12-50 CO,., 7-306 at 0-0525 CO,., 8-872 at 0-0815 CO,, 15-300 at 0-1520 CO,, 
34-066 at 0-598 CO,. The relation of CO, and assimilation at earlier concentrations is 
made clear in the inset diagram where the values are plotted on a magnified scale, 


curves I, II and III, Fig. 1, respectively are revealed as 11-050: 11-779 = 
1: 1-06, 12-250: 13-506 =1: 1-10, 37-902: 43-906 =1: 1-15 for a 
constant ratio of carbon dioxide concentrations 1: 2.* These ratios do not 
show any agreement with that of carbon dioxide concentration ratios. The 
values for the corresponding ratios of apparent assimilation in curves I, II 
and III, Fig. 2, are 1-201: 1-950=1: 1-62, 2-390: 3-646=1: 1-52, 28-062: 


* This ratio is the mean of the three ratios obtained thus: 
0-609=] : 2-03, 0-305: 0-6]2=1 2-00, Q-3 : 0-598=] : 1-99, 
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34-066=1 : 1-21 respectively, showing in each case an attempt to approach 
the value of the ratio of carbon dioxide partial pressures, viz., 1 : 2, though 
this attempt does not appear to be effective in any case. 

From considerations presented above the following facts are brought 
to light. Firstly, in any question of proportionality between CO» tensions 
and rate of photosynthesis the relation between apparent assimilation and 
carbon dioxide concentration is more direct than that between real assimila- 
tion and carbon dioxide concentration, specially is this true of the lower 
CO, concentrations where the respiration component of real assimilation is 
likely to exceed in magnitude the assimilation component so far as to mask 
any proportionality relationship existing between the supply of carbon dioxide 
factor and the assimilatory activity. Secondly, the range of carbon dioxide 
concentration over which direct proportionality holds between carbon dioxide 
supply and the intensity of assimilation appears to be shorter in this plant 
(0-04 to 0-15 mgm. per 100 c.c.) than that found by Brown and Escombe® 
in Helianthus annuus and the other plants examined by them (between 0-6 
part and 6 parts per 10,000 of air). 

The Nature of the CO.-Assimilation Curves 

A perusal of the carbon dioxide-assimilation curves from the point of 
view of their shape shows that they are neither in conformity with the typical 
limiting factor curve of Blackman! with a sharp angle at the point of change 
of the limiting factor nor do they follow the smooth-rounded contour of the 
Harder!! or Boysen Jensen* curves. They appear to take an intermediate 
position inthis respect. The departure from the typical limiting factor curve 
of Blackman noticed generally by the later workers has found an explanation 
in Maskell’s!4 theoretical scheme where variations in the diffusion resistances 
have been shown to have certain definite effects on the curves expressing the 
relation between external carbon dioxide concentration and the rate of photo- 
synthesis. Maskell has shown that the smaller the value of D (total resistance 
in the diffusion path of carbon dioxide) under otherwise constant conditions, 
the more rectangular is the carbon dioxide-assimilation curve, in other words, 
the more closely it approaches the typical limiting factor curve. James!° 
working with submerged water plants has found that increasing the flow 
of the carbon dioxide solution in his experiments had an analogous effect 
to reduction of the diffusion resistances in Maskell’s deduced curves. It 
has been shown elsewhere® in a physical research undertaken to elucidate 
this physiological problem that the curve connecting the absorption of carbon 
dioxide by potash solutions, with the carbon dioxide concentrations supplied 
has a tendency to straighten up if the rate of flow of COs-laden air current 
is increased, thus strengthening the conclusions of Maskell and James that 
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variations in the diffusion resistances have a definite effect on the shape of 
the curves indicating the relation between external carbon dioxide concentra- 
tion and the rate of photosynthesis. Our present observations on the leaves 
of radish, in which the diffusion resistances to the chloroplast surface are 
comparatively small are in accord with the expectations on the conclusions 
of Maskell* and James!® inasmuch as the carbon dioxide-assimilation 
curves do not present the smooth-rounded contour of the Harder! or Boysen 
Jensen* type of curves but are more angular in outline. However, one 
fact is noteworthy. Though our CO>-assimilation curves do not present 
the smooth-rounded contour of the Harder or Boysen Jensen type of curves 
but are more or less angular in outline, neither of them shows a sharp angle 
at the point of change of the limiting factor but rather both of them present 
more or less round corners. This persistence of the somewhat round corners 
even with the generally angular outline of the curves is significant, for while 
the relative lowness of the diffusion resistances in radish may account for the 
generally angular shape of the curves, it is obvious from the round corners 
that there must be an additional factor responsible for variations in the 
shape of the CO,-assimilation curves. 


The Inter-Relation of External Factors 


Prior to the introduction by Blackman in 1905 of the conception of 
limiting factors the relationship between physiological processes and the 
external factors was largely governed by the idea of three of cardinal points—- 
a minimum, an optimum and a maximum—characteristic for each external 
variable in respect of any one process. The untenability of such fixed cardinal 
points for each external factor relative to each physiological activity was 
soon shown by the development of the principle of limiting factors, for it 
was obvious that the value of these cardinal points shifted for each factor 
according to the particular ensemble of other factors in which it was measured. 
Thus the theory of limiting factors in its development provided the first means 
for the accurate analysis of the relation of various external factors controlling 
a process. 

The study of the interaction of factors stimulated by the examination 
of the principle of limiting factors made it lie within the range of practical 
experimentation to answer whether it is possible to increase the rate of 
assimilation by increasing the intensity of other factors than that which is 
held to be limiting, and made it also possible to predict, within limits, the 
value of assimilation likely to be reached in any combination of external 
factors. 

A reference to our CO>-assimilation curves I, II and III (Figs. I and II) 
shows that they start independently practically right from the beginning. It 
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is therefore obvious that at all points on the rising limbs of these curves the 
tate of photosynthesis increases with an increase in carbon dioxide concentra- 
tion as well as with an increase in light intensity. We have called attention 
in an earlier communication!® to a similar phenomenon where it is stated 
that in the previous set of experiments both the light intensity of 28,650 M.C. 
and concentration of 0-049 mgm. per 100 c.c. were limiting the rate 
of assimilation. The independent course of the temperature-assimilation 
curves'§ and the light-assimilation curves!® obtained by us at different con- 
centrations of carbon dioxide is again reminiscent of the fact that at least 
two factors may be determining the rate of assimilation at the same time. 
An increase in either of them brings about an increase in the photosynthetic 
rate, in contrast to the original view of Blackman. Thus it is not one 
factor and one alone that controls the photosynthetic rate at any point on 
the curve, as indeed the experimental evidences detailed elsewhere!’ lead 
us to hold. It has been shown there that an increase in either light 
or CO, or temperature results in photosynthetic augmentation in spite 
of the more or less constant intensity of the other two variables. These 
results while supported by Harder’s observations in broader details, do not 
justify Harder’s idea of relative minimum with respect to factor intensity. 
The fact at once is brought to the forefront that assimilation rate at any 
point does not depend entirely upon one factor and one alone in limiting 
quantity or upon the relative minimum concentration of a single factor! or 
a group of such variables present in concentrations much below those of 
others. The photosynthetic activity, depending as it does upon a number of 
factors, thus appears to be neither governed by Blackman’s law of limiting 
factors nor Harder’s conception of relative minimum but by the intensity 
of each of the conditioning variables present either in lower (limiting) or 
higher (non-limiting) concentrations. 


Formulation of an Environment for Optimal Assimilation of Radish 


The considerable body of experimental evidence relating to the effect 
of environic factors on the photosynthesis of the radish plants available to 
us in the present and the previous two communications’ 6 enables us to 
formulate an ideal or perfect environment, or what may be better termed a 
more suitable environment for optimal assimilation of the radish plant in 
these regions. 

To depict the inter-relationship of external factors and the rate of photo- 
synthesis of radish leaves when one or more factors are limiting, Fig. 3 has 
been constructed more or less after the manner of Blackman and Smith.? 
The three separate curves are derived from certain data embodied in this 
paper and the previous two papers. 16, Care has been taken to select those 


: 
pine 


Influence of Partial Pressure of CO, on Photosynthetic Efficiency 921 


45 


40 


Assimilation in mgm. CO, 
e— 


15 
10 
5 
0-1 0-2 0-3 0-40-5 0-6 20 30 10 20 30 40 50 60 70 
CO, Concentration. Temp. in degrees C. Light intensity in 1,000 M.C. 


Fic, 3. Showing interaction of external factors. 


sets of values for drawing the CO,-assimilation curves of this figure which 
cover almost the same range of assimilation intensity, but this has not been 
possible in the case of the temperature-assimilation curve, since all the CO>2- 
assimilation and light-assimilation data have been obtained at 29°C. and the 
temperature-assimilation curve does not exhibit a linear course much beyond 
that being limited by the supply of carbon dioxide or light. 


From Fig. 3 it is possible to predict the value of assimilation obtained 
under any combination of the three factors within the range treated. ‘The 
values of assimilation corresponding to the intensities of the three factors 
have to be noted and the lowest of these three values represents to the 


nearest approximation the value of assimilation likely to be attained in that 
combination. 


Radish is a rainy season or winter crop in these regions of the country, 
the sowings being made at intervals of about a fortnight. The crops which 
appear in August, September, or the following October generally do not 
experience a lack of adequate temperature in the atmosphere for their photo- 
synthetic work, the temperature seldom falling below 26°C. at this time and 
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fcr the majority of this period averaging 29°C. The same, however, cannot 
be said of the latter part of November, December and January when the 
atmospheric temperature generally obtaining is in the vicinity of 21-5°C. 
The conclusion reached by us previously! tells us that a temperature of 29°C. 
is calculated to give the maximum sustained assimilation by this plant in the 
winter months at pressures of carbon dioxide lying between the atmospheric 
and about three times atmospheric, and possibly also at higher pressures of 
carbon dioxide. 

The average illumination available in these regions, 25° N. latitude, 
during the winter months on a horizontal surface with a cloudless sky is 
86,250 M.C. The data obtained in the preceding communications indicate 
that a minimum light intensity of 68,760 M.C. is required for the 
maximum assimilation at 29°C. under a carbon dioxide supply of 
0-057 mgm. per 100 c.c. of air and a minimum light intensity of 72,197 
MC. for the maximum assimilation at 29°C. under a partial pressure of 
carbon dioxide about ten times higher, viz., 0-52 mgm. per 100 c.c. of air. 
Thus light is never limiting in nature except in the early mornings. But 
during the rainy season (July, August and September), when the average 
intensity of illumination at the eastern end of the Indo-Gangetic plain seldom 
exceeds 63,692 M.C. and when during actual heavy downpours it may 
fall to 5,800 M.C. light is often limiting. 

The carbon dioxide concentration in nature is usually identified with 
0-03 volume percent. But its instability at precisely that value is a common- 
place, especially in cultivated fields or near vegetation of any kind. Thus for 
a proper estimation of its influence on the photosynthetic activity of a crop 
in the field, actual measurements of the CO, factor and its variations in a 
particular habitat are essential and the usually assumed figure of 0-03 volume 
per cent. cannot be accepted as the basis of any accurate calculation. It was 
therefore deemed necessary to make such measurements of the carbon dioxide 
concentration at different times of the vear in the field and from at least two 
different heights of the aerial portion of the radish plant, one near the upper 
leaves and another near the lower leaves of the plant. This has been achieved 
by aspirating the air in the vicinity of the radish plants at a fixed speed 
through baryta solution and calculating the percentage of carbor dioxide 
in the air stream on the basis of the CO2 absorbed by the solution. In Table I 
are presented a series of average daily values of carbon dioxide based upon 
seven days’ records. 

The fluctuations in the carbon dioxide content of the atmosphere at 
the level of the radish plant range between 0-048 mgm. and 0-231 mgm. 
per 100 c.c, of air, and as a reference to Table I will show there appears to 
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TABLE I 


Carbon dioxide percentage of the atmosphere in the vicinity of 
radish plants in different seasons of the year 


Height at which | COg concentra- 
Season Time of observation estimation was | tion in mgm. 
made in inches per 100 c.c. 


5-52 A.M.—6-52 A.M. 


6 0 
36 0-035 
Summer season 
June 15th to | 9-00 A.M.—12 noon 6 0-048 
36 0-034 
5-00 P.M.— 6-30 P.M. 6 0-050 
36 0-035 


6-00 A.M.—7-00 A.M. 6 0-202 
36 0-048 
Rainy season 9-00 A.M.—12 noon 6 0-101 
August 16th to 36 
22nd 
5-30 P.M.—6-30 P.M. 6 0-096 
6-00 A.M.—7-30 A.M. 6 0-231 
36 0-042 
Winter season 
November Ist | 9-00 A.M.—12 noon 6 0-112 
to 7th 36 0-041 
5 P.M.—6-00 P.M. 6 0-122 


be a tendency for the carbon dioxide concentration values to mount up as 
the season advances from summer to the principal monsoon. From Fig. 1 
we learn that the highest assimilation is attained at a minimum concentra- 
tion of 7-95 mgm. per 100c.c. of air under an illumination intensity of 
68,760 M.C., but since rates of assimilation higher than 45-014 mgm. 
are not very long maintained in time on account of the incidence of a time 
factor, for a maximum sustained rate of assimilation, therefore, carbon 
dioxide concentrations very much lower, of the order of 0-598 mgm. per 100c.c. 
of air, should suffice. During the rainy season when there is a scarcity of 
light the effective carbon dioxide concentration for reaching the maximum 
sustained rate of photosynthesis is raised considerably and may be of the 
order of 5-5 mgm. per 100c.c. of air during torrential rains with an overcast 
sky (light being in the vicinity of 5,730 M.C.). 

What then should be the concentration or intensity of external factors 
which would lead to the best growth and highest yield in radish ? In view 
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of the fact that whatever addition of material takes place in the plant is 
mainly due to photosynthetic intake of carbon dioxide by the leaves, the 
concentrations of external variables indicating a maximum sustained rate 
of assimilation should in all probability give an idea of the optimal condi- 
tions of the environment when we may expect to secure the maximal possi- 
bilities of growth and yield. In the light of the experimental findings such 
a condition in radish is not far from being realised. A light intensity of 
68,760 M.C., supplied to the growing radish plants at a tempera- 
ture of 29°C. and approximately 0-6 mgm. per 100c.c. of carbon dioxide 
concentration would induce a fairly high sustained rate of assimilation as 
the experimental evidences indicate. 


This idea of the concentration of external factors which should result 
in accelerated photosynthetic activity and in fact increased growth and 
yield of plant is specially important from the point of view of green-house 
culture of vegetables, flowers and fruits, where the control of factors like 
light, carbon dioxide and temperature, is absolutely necessary for the pro- 
duction of fruits, flowers, and vegetables in and out of season. At all such 
experimental stations, the range of anatomical and physiological adapta- 
tions of the plant in question should be studied with special reference 
to the factors of light, carbon dioxide and temperature and an idea 
of optimal factor intensity obtained. It may be mentioned here that 
considerable difficulties may be encountered in conducting such a type of 
work in different regions, with the same or a variety of plants, and sometimes 
diverse results may be the outcome of such experimentation. This is true 
since the requirement of plants depends upon the specificity of the material 
as well as the intensity of environic complex and as such it is commonly 
observed that in tropics and sub-tropics where the intensities of solar radia- 
tion and temperature are sufficiently high as compared to the temperate 
zones the plants are adapted to higher intensities of temperature and solar 
radiation in contrast to those of the temperate zones where the time-factor 
is soon noticed under much lower range of these factors. Our results on the 
optimal light and temperature range of radish are in accord with the view 
above referred to and show well-marked contrast with plants of temperate 
zones (cf. Matthzi and others). Besides such inter-zonal differences which 
are no doubt common, it has been-observed also in a separate investigation!” 
that the range to which plants are adapted differs with the season in 
which they grow. Thus winter crops have lower optimal temperature range 
than summer ones due of course to the adaptability of the material to the 
environic condition in which growth takes place. Thus the optimal range 
of factor intensity differs with not only the stresses of the environment but 
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also the specific adaptability of the material towards the conditions in which 
it used to propagate previously. 

Such facts when taken in conjunction with the facultative or obli- 
gate nature of the organism, as also the specific morphological, anatomical 
and physiological adaptations of the material may help a good deal in solving 
the final goal, namely, the formulation of an ideal environment for the best 
growth and yield of plants growing under diverse ecological levels of the 
atmosphere. Such a work with the many cultivable forms of plant species 
growing under the manifold status of the environment conducted in different 
parts of the world may not only lead to the realisation of the economic 
aspect of agriculture but also help a good deal in solving some of the 
well-marked differences in the specific adaptability range of the plant species 
to different concentrations of external factors under the diverse climatic 
zones of the globe. 

Summary and Conclusions. 


In this paper the relation between the concentration of carbon dioxide 
and the rate of photosynthesis by radish leaves has been investigated with 
a view to throw light on the nature of the relationship and to trace the pro- 
portionality, if any, between the supply of carbon dioxide and the rate at 
which this may be taken up by the leaves. 

The rate of photosynthesis under varying percentages of carbon dioxide 
has been studied under three distinct intensities of light both above and 
below the intensity of solar radiation to which the radish plants are 
subject in nature. The temperature is maintained at such optimal values 
when time-factor does not seem to have any marked influence on the rate of 
assimilation. 

With increase in CO, concentration the rate of photosynthesis rises 
till acertain range of factor intensity after which the curves representing 
this relationship show a stationary level phase to be sooner or later 
followed by a decline. 

With increase in light intensity the curves show a steep rising phase 
exhibiting a characteristically different contour from those obtained under 
low light intensity. The range at which toxicity of CO, is evinced also 
increases with increase in illumination. 

The leaf subjected to very high concentrations of carbon dioxide no 
doubt undergoes toxication but this toxicity is capable of being reduced if 
the concentration of carbon dioxide in the surroundings is lowered. Radish 
leaves seem to offer a small resistance to the toxic action of high concentra- 
tions of carbon dioxide and hence the declining phase of assimilation is 
obtained at sufficiently low percentages of the gas. 


926 B. N. Singh and K. Kumar 


A strict proportionality between the CO, concentration and photo- 
synthetic rate is outside the range of experimental observation. The rela- 
tionship seems to be more direct between carbon dioxide concentration and 
apparent assimilation than between real assimilation and the percentage 
of CO,. The direct proportionality if any holds true more under low con- 
centrations of sufficiently short range of the order of 0-04—0-15 mgm. carbon 
dioxide per 100 c.c. 

The curves depicting the CO 2-photosynthesis relationship are neither 
in conformity with the typical limiting factor curves of Blackman with a 
sharp angle at the point of change of limiting factor nor do they follow the 
smooth-rounded contour of Harder or Boysen Jensen curves, but appear to 
take an intermediate position in this respect. 

The light and temperature-assimilation curves are reminiscent of the 
fact that the rate of photosynthesis is capable of augmentation consequent 
on an increase in any of the conditioning factors present below the limiting 
value. Assimilation thus does not seem to be rigidly governed by Blackman’s 
law of limiting factors or Harder’s conception of relative minimum. 

From practical viewpoint, an ideal environment for best growth and 
yield of radish plant has been formulated. Such ideal conditions for optimal 
growth have been suggested on the basis of the concentration of external 
variables when the radish leaves are in a position to carry on the maximum 
sustained rate of photosynthesis for a sufficiently long time. Light has also 
been thrown on the adaptability range of plant to the environmental com- 
plex in which they grow. 
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It was shown in the previous communications (Siddappa and Subrahmanyan, 
1934; Harihara Iyer, Siddappa and Subrahmanyan, 1935) that minute 
quantities of certain forms of organic matter, though highly potent in stimu- 
lating plant growth and reproduction, are, nevertheless, ineffective when applied 
to the soil. The active principles, being water soluble, can be supplied either 
through the medium of water culture or introduced directly into the plant by 
injection : when applied to the soil they lose their potency and are destroyed 
by micro-organisms. Evidence was also adduced to show that organic 
manures act only in bulk, their beneficial effects being greatly enhanced by 
treatment with chemical oxidisers (Subrahmanyan and Siddappa, 1933; 
Harihara Iyer, Rajagopalan and Subrahmanyan, 1934). There is greater 
production of carbon dioxide and larger yield of crop. It is not clear however 
as to how the various transformations are influenced by the organic matter 
already present in the soil and the minerals that may be added to it. Further 
quantitative evidence is also needed to show how the oxidation of organic 
matter increases plant assimilation ; how far the plant is still dependent on 
the atmospheric carbon dioxide. Some preliminary observations relating 
to these important subjects have already been published (Subrahmanyan 
and Siddappa, 1933). Further material will be considered in the present 
paper. 
Experimental. 

Carbon contents of some tropical soils—Before investigating the effect of 
added organic matter and minerals on different soils, it was considered useful 
to determine the carbon contents of some representative specimens from India, 
Burma and Ceylon. It was expected that the analyses would (a) give an idea 
of the range to be normally expected for tropical soils, and (b) show how far 
the known fertility of some of the soils can be correlated with their carbon 
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contents. The determinations were carried out according to Degtjareff 


(1930). 


TABLE I. 
Carbon contents of some tropical soils. 


This method is not so reliable as that of Walkley and Black (1934) 


Locality and description of soil oe Locality and description of soil | prem 
Mandalay (Burma)—Paddy —surface 0-57 |/Travancore—garden soil —alluvium— 
surface os 1-53 
Galle (Ceylon)—Garden soil--surface ..| 0-55 
Travancore—sandy loam—cocoanut— 
Dacca (Bengal)—Govt. farm surface --| 0-05 
highland — surface ee -| 0-94 
South Bihar—alluvium— surface 0-32 
Dacca (Bengal)—Govt. farm 
highland—surface we -| 0-74 ||Gaya (Bihar)—upland—surface 0-44 
Tanjore (Madras)—alluvium—surface 0-71 |/Ranchi(Chota Nagpur)—upland—surface| 0-46 
‘Tanjore (Madras) —alluvium—sub-soil ..| 0°43 Bihar—Calcareous—sub-soil 0-33 
Tindivanam (Madras) —alkali soil—wet Dharwar (Bombay)—Govt. farm—surface| 0-80 
land—surface ee 0-72 
Sholapur (Bombay)—karl—surface 0-52 
Tindivanam (Madras)—alkali ame 
land—sub-soil 0-14 ||Ahmedabad 
surface -| 0-05 
Tellichery (Madras)—red, sandy loam— 
cocoanut—surface --| 0+30  ||Nasik (Bombay)—from Sinnar—surface..| 0-88 
Nandyal (Madras)—-red clay—surface ..| 0-39 ||Ratnagiri farm— 
surface 1-38 
Nandyal (Madras)—red clay—sub-soil ..| 0+50 
Sholapar (Bombay)—light soil—surface 0-39 
Anakapalle (Madras)—red loam—-surface| 0+45 
Dharwar (Bombay)—lowland—surface ..| 
Anakapalle (Madras)—red loam—sub-soil| 0-32 
Jacobabad—Govt. wheat farm—surface 0-29 
Devarshola (Madras)—hills—estate soil 
—surface -| 2-34 ||Gurdaspur (Punjab)—rain fed area— 
surface os ee 0-44 
Devarshola (Madras)—hills—estate soil 
—sub-soil .. ee --| 0-24 |]Sindh—Willingdon cattle farm—Kalar 
soil—surface .. 0-43 
Godavari (Madras)—delta area— 
allavium—surface 0-88 Kalar (alkali) 
surface ee 0-35 
Maharajgunj, Gorakhpur—upland-— 
surface oe -+| 0-35 ||/Sindh—Swelt hard land—surface --| 0-58 
Maharajgunj, Gorakhpur—lowland— Sindh— Willingdon cattle farm—reclaim- 
surface --| 0-32 ed alkali—surface 0°39 
Maharajgunj, Gorakhpur—upland— Sindh—Mirphukas fruit farm—clay soil—- 
Indore (C. -aiedliaaes of Plant Industry Parbhani—main farm— surface 0-78 
—surface oe O-71 
Hyderabad, Deccan—surface .. 0-43 
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or the still more accurate, direct procedure of Subrahmanyan, Narayanayya 
and Bhagvat (1934), but unfortunately those methods were not known at 
the time (1933) when the present work was carried out. The results cited in 
the above table (Table I) were obtained under similar conditions and could 
well be compared with each other. The samples were all air-dried and ground 
to pass the 100-mesh sieve before treatment with the oxidising mixture. 


It may be seen from the table that although in a few stray cases the 
carbon content exceeded 1 per cent., it was generally very much less in 
quantity. The only specimen which contained more than 2 per cent. was an 
estate soil which had presumably received a heavy application of organic 
manure. ‘This inference is supported by the very low carbon content of the 
sub-soil from the same area. Moreover, that sample was derived from a hill 
station the climatic conditions of which would correspond to those of temper- 
ate regions. The majority of the soils contained less than 0-5 percent. The 
samples from the rich, deltaic areas contained generally between 0-5 and 0-8 
per cents. Some of the sandy soils contained practically no organic matter. 


When compared with the soils of temperate regions which often contain 
over 2 per cent. of carbon, the tropical specimens —including those which are 
generally recognised to be highly fertile—contain a distinctly lower level of 
organic matter. This is, presumably, largely due to the difference in climatic 
conditions. The long spells of hot, and often humid, weather which prevails 
in most parts of the tropics may be normally expected to facilitate rapid 
destruction of organic matter. Moreover, many of the Indian soils have 
been under cultivation for at least two thousand years. This may also have 
contributed to the depletion of those soils. 


Contribution of soil organic matter to crop yield—With a view to obtain- 
ing a quantitative estimate of the extent to which different forms of organic 
matter contribute to the fertility of a soil, the following experiments were 
carried out :—An area of land, with an apparently uniform type of soil, was 
divided into a number of sections which were treated with different fertilisers. 
Samples from these areas were filled into pots and used for growing barley 
(Var., Plumage Archer). They were also analysed for their carbon contents. 
Ten pots were allotted for each treatment. The details relating to the making 
of the pots, sowing, thinning and periodic observations were the same as those 
described in the previous communications. 

In another set of experiments, sand, previously washed with water, 
was treated with farmyard manure both with and without minerals and the 
yields compared with those of the previous series. Farmyard manure was 
added at 7-5g. per pot (30lbs.). The minerals included potassium nitrate 
(0-98 g), potassium sulphate (1-52 g.), and superphosphate (3-05 g.) per pot. 
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The results have been presented in Table IT. 


TABLE II. 
Average yield 
per plant 
Treatment Carbon oe x 100 
per cent-} Straw 
(dry wt. | (dry wt. 
in g.) in g.) 

Soil alone (control) 0°48 0-08 0-74 10-6 
» + complete minerals “a 0-64 2-42 26-6 
» + farmyard manure «-| 0-50 1-51 2-72 55-4 
» + leaf mould os -+| 0-58 3-06 4-80 63-6 
» + activated sludge --| 0-62 1-1l 2-73 40-7 
» + f.y. manure + minerals ..| 0-50 1-73 3-55 48-8 
» leaf mould + 0°58 2-04 3-58 57-1 
» + activated sludge+minerals | 0-62 1-42 2-91 48-7 

Sand alone (control) e --| 0-02 0-04 1-08 3-53 
» minerals oe 0-75 2-13 35-1 
» + farmyard manure ee oe 1-30 1-90 68-3 
+ minerals .. 0-84 2-92 28-8 


It may be noted that the carbon content of the soil was not appreciably 
improved by treatment with farmyard manure whereas leaf mould or sewage 
caused more marked increase. As may be naturally expected, the sand 
contained practically no organic matter. Periodic observations on the plants 
showed that those raised on soil which had originally received leaf mould or 
sewage showed the best vegetative growth. The response to soil treated with 
farmyard manure or minerals was not very pronounced in the early stages 
though the plants were distinctly superior to the control. The yields did 
not, however, entirely support the earlier observations. The leaf mould by 
itself yielded the best results, though, when combined with minerals, the 
production of both grain and straw was suppressed. Farmyard manure came 
out better with time, and responded favourably to addition of minerals. 
Sewage sludge yielded results of the same order as farmyard manure though 
it contained more organic matter. Its action was not greatly improved by 
treatment with minerals. The plants raised on untreated sand yielded prac- 
tically no grain. On treatment with farmyard manure they yielded much 
more of both grain and straw. Minerals increased the yield of straw but the 
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grains were not favoured to the same extent. On combining minerals with 
farmyard manure, the yield was slightly improved, but the effect was still of 
the same order as that with minerals alone. The ratio of grain to straw was 
highly variable, but it may be stated, in general, that organic manures increas- 
ed it to a greater extent than the combined mineral fertilisers. 


The foregoing observations show clearly that the original organic matter 
of the soil did not appreciably contribute to plant growth. Although the 
added manures improved the yields, the response was not generally propor- 
tional to the increase in carbon content. The different manures varied in 
their availabilities to plant nutrition and in their reaction towards minerals. 


Increased availability of plant nutrients on treatment with chemical oxidisers. 
—lIt is well known that cultivation operations improve the physical condition 
of the soil and increase the availability of plant nutrients. There is a limit 
however to the benefit which can thus be obtained. Any further expenditure 
on cultivation will not improve the yield—at any rate to an extent commen- 
surate with the extra time and labour spent on it. 


The chemical changes that proceed in a well-cultivated soil are essentially 
of the nature of oxidation. It appeared probable, therefore, that if those 
changes can be accelerated by certain chemical treatments (which would not, 
at the same time, have any adverse effect on plant growth), better plant 
growth and greater increase in yield may be expected. The following experi- 
ments were accordingly carried out. 


A number of small pots were made up in the usual way with sand and 
soil (3 lbs.). They were then divided into groups of twelve each which were 
treated as follows.—(a) Calcium carbonate at 3g. per pot (corresponding to 
2 tons per acre); (6) ferric oxide (3 g.); (c) laterite (3 g.); (d) potassium 
permanganate (0-075 g.) corresponding to 1 cwt. per acre ; (e) copper sulphate 
(0-034 g.) corresponding to 50lbs. per acre; (f) hydrogen peroxide (1 c.c. 
of 3 per cent.) corresponding to 50 Ibs. per acre; (g) pot shreds (a handful of 
broken bits mixed with the soil) ; and () control (untreated). The treated 
samples were further divided into two sets, one of which was sown immediately 
and the other, after three weeks. The treatments were so timed that all the 
pots were ready at the same time for sowing. Barley of malting quality (No. 
251, Cawnpore) was sown at the rate of 50 per pot. The seedlings which came 
up were nursed in wire-gauze cages. At the end of three weeks, the seedlings 
were removed, the necessary measurements taken and dry weights determined. 
The results have been presented in Table ITI. 


There was a high percentage (about 90) of germination in all the cases. 
The seeds sown immediately came out generally better and the resulting 
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TABLE ITI. 
Sown immediately Sown after three weeks 
Averages Averages 
Shoot | Root | Dry ¥t. Shoot | Root | Dry wt. 
No. of 


(in mg.) | No. of 
r seedlings 


seedling 


length injlength in 
cm. cm. 


length {length in (in mg.) 


per 
nem. cm. 
seedling 


seedlings 


Calcium carbonate --| 269 29-0 22-7 34-1 260 24-5 22-2 29-3 


Ferric oxide .. oo] 257 19-2 23-8 51-2 271 26-0 22-0 31-9 
Pot. permanganate «| = 255 22-8 19-5 53-6 271 31-0 21-3 35-4 
Copper sulphate os 262 18-2 23-0 52-5 279 31-2 24-7 35-6 
Hydrogen peroxide oe 256 17-7 21-2 49-8 282 34-0 27-8 38-4 
Pot shreds... oe 269 29-3 21-8 34-9 
Laterite oe 255 23-3 19-7 30-6 


Untreated (control) ..| 270 27-8 22-8 38-2 265 23-2 18-2 30-1 


seedlings appeared healthier and better formed than those from seeds which 
were sown after three weeks. The lengths of shoots and roots were however 
rather misleading. ‘The seedlings from seeds which were sown immediately 
were rather short as compared with the others but had more of girth, which 
more than made up for the difference. The final dry weights showed that in 
both the batches, treatment with the oxidisers proved beneficial. ‘The effect 
‘ was very much more pronounced when the seeds were sown immediately than 
after the lapse of three weeks. The control (untreated) soil itself showed some 
difference on being moistened and allowed to stand for three weeks. It would 
appear, therefore, that a large part of the nutrients which were released, were 
either lost or otherwise rendered unavailable after standing for some time. 


Among the individual treatments, ferric oxide, potassium permanganate 
and copper sulphate were of nearly equal merit, while hydrogen peroxide 
came slightly lower. Calcium carbonate depressed the yield. Pot shreds 


and laterite were tried in one series but did not appear to be superior to the 
chemicals. 


The foregoing observations would suggest that treatment with chemical 
oxidisers can cause larger release of plant nutrients than would be available 
under normal soil conditions. The practical significance of this finding has 
already been shown (Harihara Iyer, Rajagopalan and Subrahmanyan, loc. 
cit.) in the case of pot-cultured plants and field crops. The time and the 
manner of application in the case of a few oxidisers have been standardised. 
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The attendant chemical and biological changes have also been studied. Further 
observations leading to the mechanism of action of oxidisers and their bearing 
on crop yield will be considered in the next communication. 


Contribution of soil organic matter to plant assimilation—A number of 
previous workers have suggested that the decomposition of organic matter in 
the soil results in the production of carbon dioxide which is assimilated by the 
growing plant. Positive evidence in this direction was obtained by Lunde- 
gardh (1924, 1927, 1928), who showed by a series of elaborate experiments 
that (a) the concentration of carbon dioxide over a manured soil is higher 
than that over an unmanured one, and (0) the plant benefits to a greater extent 
from the air above a manured soil than from that above an unmanured one. 
These observations, as also those of others, would suggest that better plant 
growth can be obtained by artificially enriching the atmosphere around the 
growing plant with carbon dioxide. Extensive experiments conducted with 
this object have not, however, led to consistently favourable results. Some 
workers reported having obtained marked increase in yield while others 
noticed the reverse effect (Keuhl, 1925; Reinau, 1926; Rippel, 1926 ; Gerlach, 
1926 ; Bolas and Henderson, 1928 ; Hasse and Kirchmeyer, 1928 ; Small and 
White, 1930; White, 1930 and others). The depression observed in some 
of the cases may have been due to inadequate root aeration, but such observa- 
tions do, nevertheless, cast a doubt on the original theory of increased 
assimilation. Furthermore, it is known that when there is vigorous plant 
growth, there will be greater respiration both by the plant (e.g., Neller, 1922) 
and by the soil, so that what is really an effect may be mistaken for the cause. 
In addition to this, direct proof to show that the plant can grow independent 
of the atmospheric carbon dioxide is still lacking. In view of the above and 
the need for further knowledge regarding the extent to which the plant depends 
on soil organic matter for its assimilation, the following experiments were 
carried out. 


Soil (3 parts) from a neighbouring virgin tract was mixed with washed 
sand (2 parts) and the mixture treated with well-rotted farmyard manure so 
as to correspond on the usual basis to 10 tons per acre. The product was 
then filled into a number of glass jars at 400g. each. The jars were then 
divided into three batches which were treated as follows :—-(1) placed inside 
a big glass dome and a gentle current of air drawn over the system ; (2) 
similar to (1) except that the air was freed from carbon dioxide before being 
sent in; and (3) the jars were placed in a wire-gauze cage exposed to atmos- 
pheric conditions. In all the pots moisture was first made up to 50 per cent. 
saturation. With a view to maintaining this constant, the air was drawn 
through distilled water or baryta, as the case may be, for the two sets within 
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domes. 
added from time to time. 


were left undisturbed for fifteen days. 


measurement of heights, were made from outside. 


The materials used for filling the pots were analysed for their moisture 
and organic matter contents (Table IV). 
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To the jars kept in open air, the necessary quantity of water was 
After the experiment was commenced, the jars 
The general observations, as also 


TABLE IV. 
Percentages 
Item 
Mixture fill 
Soil Sand | Manure into the jars 
Moisture 2-2 0-1 3-4 1-3 
Loss on ignition .. 7-4 0-2 27°9 4-9 
Organic carbon 0-52 0-02 10-90 0-51 


After completing the experiment, samples of the soil mixture left in 


all the jars were analysed. 


It was found that the moisture content remained 


more or less the same (+4-4 per cent.) as that originally adjusted. Organic 
carbon was slightly less and was of the order of 0-49 per cent. 


The seedlings came out well in all the cases. 


The periodic measurements 


showed that those receiving ordinary air under the dome were slightly taller 


than the others. 


were about the same in all the cases (Table V). 


This was not reflected however in the dry weights which 


TABLE V. 
| Averages in cm. Average 
'Number| ~ Total Total dry wt. 
Treatment of fresh wt.| dry wt. | (in mg.) 
seedlings] Shoot | Root in g. in g. per 
height | length seedling 
Under glass dome— 
ordinary air 28 25-7 9-0 8-94 | 0-916 32°7 
Under glass dome— 
COo-free air 27 22-0 6-3 8-41 | 0-888 33-2 
Inside wire-gauze cage- 
atmospheric condi- 
tions 36 21-0 6-0 10-76 | 1-197 33-3 


It may be noted that plant assimilation proceeded equally well with or 
without the supply of atmospheric carbon dioxide. It would appear, therefore, 
that the plant derived the bulk of its carbon dioxide requirements through 
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the decomposition of organic matter in the soil and was, at any rate during the 
short period of study, independent of the gas present in the atmosphere. 

Although the foregoing observations are highly suggestive, it is yet 
possible that a useful part of the dry matter of the seedlings may have been 
derived from the original seeds. ‘The work is therefore being repeated, extend- 
ing the observations to grown-up plants which have been raised inside specially 
constructed glass cages, the air and the moisture supply of which can be con- 
trolled. The results of that enquiry will form the subject of a later com- 
munication. 

Summary. 


1. The organic carbon contents of a number of tropical soils (from 
India, Burma and Ceylon) were determined. It was found that most of them 
—including some which are reputed to be fertile—are poor in that constituent 
as compared with the soils of temperate regions. 


2. When a manure is applied to a soil (under tropical conditions), the 
increased benefit to the crop is more due to the decomposition of the added 
material than to greater availability of the original organic matter of the soil. 
The carbon content is not a correct measure of the possible availability of a 
manure. Addition of minerals may increase or depress the beneficial effects 
that may be derived through application of organic manures. 

3. Treatment with minute quantities of chemical oxidisers such as 
permanganate, hydrogen peroxide or ferric oxide helps to increase the avail- 
ability of the organic matter of the soil. In the case of barley, the effect is 
best seen if the seeds are sown shortly after the treatment. In the course 
of three weeks, the dry weights of seedlings are increased by over 50 per cent. 

4. It has been shown that plants receiving a useful supply of farmyard 
manure (10 tons) can grow, at any rate in the early stages, independent of 
atmospheric carbon dioxide. The dry weights of seedlings receiving CO:-free 
air were of the same order as those receiving ordinary air. 


5. The significance of the foregoing and other observations has been 
discussed. 
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